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ABSTRACT
L e v e ls  o f  t o x i c  o rg a n ic  p o l l u t a n t s  (TOP) were examined in  th e  
b lu e  c r a b s ,  C a l l i n e c t e s  s a p  i d u s . o f  V i r g i n i a  w a t e r s .  A lk y l  
s u b s t i tu te d  p o ly n u c lea r  arom atic  hydrocarbons (ASPAH), thought d eriv ed  
from w eathered p e t ro le u m , w ere th e  m ost common o rg a n ic  p o l l u t a n t s  
p r e s e n t .  U n s u b s t i tu te d  a r o m a t ic s ,  h e t e r o s u b s t i t u t e d  a r o m a t ic s ,  
p o ly c h lo r in a t e d  b ip h e n y ls  (PC B ), and DDT m e t a b o l i t e s  w e re  a l s o  
d e te c te d  by th e  a n a ly t ic a l  p rocedure employed.
H ighest l e v e l s  o f  ASPAH w ere found in  c ra b s  from  th e  h e a v i ly  
i n d u s t r i a l i z e d  H am pton  R o ad s a r e a  o f  t h e  Jam es R iv e r .  Lower 
c o n c e n tra tio n s  were d e te c te d  in  c ra b s  from  th e  Pocomoke S ound , th e  
u p p e r  Jam es and th e  R appahannock R iv e r  sam pling s i t e s .  PCB le v e ls  
were e le v a te d  in  sam ples taken  from bo th  James R iver s t a t io n s .
L e v e ls  o f  TOP w ere  g e n e r a l l y  h ig h e r  in  c ra b s  sampled in  June 
th an  in  September o f  1981.
C o n c e n t r a t io n s  o f  p o l l u t a n t s  in  th e  t i s s u e s  and t i s s u e  l i p id  
co n ten t were c o r r e la te d .  H ighest le v e ls  o f b o th  were d e te c te d  in  th e  
h ep a to p an creas, fo llow ed by egg, ovary and m uscle.
TOP le v e ls  in  f i e l d  samples and in -v iv o  b io tra n s fo rm a tio n  o f  th e  
m odel compound b e n z o (a )p y re n e  (B (a)P) in  th e  h ep a to p an creas, du ring  
in - la b o ra to ry  ex p erim en ts , suggested  th a t  d if fe re n c e s  may e x i s t  in  th e  
u p ta k e  and e l im i n a t io n  o f  p o l l u t a n t s  a s  a f u n c t io n  o f th e  sex and 
m a tu rity  o f  th e  c ra b s .  I t  appeared t h a t  th e  m e ta b o lism  o f  a ro m a tic  
hydrocarbons v a r ie d  w ith  th e  m olt s tag e  o f  th e  c ra b s .
A v a r ie ty  o f  p o l a r  m e ta b o l i te s  o f  t r i t i u m  la b e le d  B (a)P  w ere 
d e te c te d  in  th e  hepatopancreas o f  b lue  c ra b s ,  when examined by normal 
and re v e rs e  phase h ig h  perform ance l iq u id  chrom atography.
In  co n c lu s io n ,, to  a c c u ra te ly  a sse ss  th e  le v e ls  and e f f e c t s  o f  TOP 
in  b io ta  from th e  f i e l d ,  s e v e ra l f a c to r s  m ust be c o n s id e r e d .  Among 
th e s e  a r e  th e  s p e c ie s  and t i s s u e s  ex am in ed , th e  s e x ,  m a tu r ity  and 
c o n d itio n  o f  th e  in d iv id u a ls  s e le c te d  fo r  a n a ly s i s ,  and th e  l o c a t io n  
and season o f sam pling .
x
ACCUMULATION OF TOXIC ORGANIC POLLUTANTS 
IN THE BLUE CRAB 
CALLINECTES SAPIDUS
I .  INTRODUCTION
P r io r  to  th e  in d u s t r i a l  r e v o lu t io n , when th e  human p o p u la tio n  
was low and i t s  byproducts were r e l a t iv e ly  non tox ic  and d eg rad ab le , 
s e r io u s  environm ental d eg rad a tio n  from chem icals was r a r e  and 
lo c a l iz e d .  However, w ith  th e  ex p o n en tia l growth o f th e  p o p u la tio n  
chem ical p o l lu t io n  in  many a re a s  has reached form idab le p ro p o r tio n s .
A quatic system s have long been used as re c e p ta c le s  o f  w aste . 
Unwanted m a te r ia ls  were d ischarged  in to  waterways to  be c a r r ie d  away, 
and d i lu te d  by th e  c u r r e n ts .  Oceans were seen as having u n lim ited  
a s s im i la t iv e  c a p a c ity  in  which p o l lu ta n t  le v e ls  could  never become a 
problem . As th e  p o p u la tio n  grew, th e  shortcom ings o f th e se  
p h ilo so p h ie s  became e v id e n t.  Communities downstream o f w aste 
d is c h a rg e rs  reaped  th e  rew ards sown by those  u p r iv e r .  F ish  k i l l s  and 
o i l  s l i c k s  appeared in  is o la te d  a reas  o f th e  ocean s. E sp e c ia lly  
a f f e c te d  were th e  e s tu a r i e s ,  t r a n s i t io n  zones between fre sh w a te r  and 
m arine h a b i t a t s ,  and fo c i  fo r  m an's a c t i v i t i e s  due to  t h e i r  va lu e  as 
p o r t s ,  t r a n s p o r ta t io n  ro u te s  and f is h in g  grounds. They fu n c tio n  as 
n u rse ry  and spawning a re a s  fo r  many types o f  b io ta  and o f te n  
c o n tr ib u te  s u b s ta n t i a l ly  to  th e  p ro d u c tiv i ty  o f th e  surrounding  
c o a s ta l  a r e a s .  An im portan t f a c to r  suppo rting  th i s  r ic h n e ss  is  th e  
a b i l i t y  o f th e  e s tu a ry  to  a c t as a s in k  o r tr a p  fo r  n u tr ie n ts  and 
o th e r  m a te r ia ls  th a t  e n te r  i t .  U n fo rtu n a te ly  th i s  p ro p e r ty  a p p lie s  to  
p o l lu ta n ts  as w e ll .
An e s tu a ry  e x h ib itin g  th e  c h a r a c te r i s t i c s  d e sc rib e d  above i s  th e  
Chesapeake Bay lo c a ted  on th e  e a s t  c o a s t o f th e  U nited S ta te s  (F ig u re
1 ) .  I t  and i t s  t r i b u t a r i e s  a re  bordered  by s e v e ra l la rg e  p o p u la tio n  
and in d u s t r i a l  c e n te r s ,  e . g . ,  W ashington, D .C ., N o rfo lk , V a., and 
B altim o re , Md. E ff lu e n ts  th a t  e n te r  th e  Bay from th e se  sources 
in c lu d e  storm  sewer d is c h a rg e s , in d u s t r i a l  w a s te s , sewage trea tm en t 
p la n t  d isch a rg e s  and lo s se s  from f o s s i l  f u e l  p ro d u c tio n , usage and 
sh ipm ent. Runoff from a g r i c u l tu r a l  a re a s  c o n tr ib u te  s ig n i f i c a n t  loads 
o f  sed im ent, n u tr ie n ts  and p e s t i c id e s .
This work focuses on th o se  components o f  th e  e f f lu e n t  which a re  
p e r s i s te n t  an thropogenic o rg an ic s  e x h ib it in g  m oderste to  h igh  
to x i c i t y .  These to x ic  o rg an ic  p o l lu ta n ts  (TOP) encompass se v e ra l 
c la s s e s  in c lu d in g  th e  p o ly n u c lea r arom atic  hydrocarbons (PAH), the  
p o ly c h lo r in a te d  b ip h en y ls  (PCB), and th e  c h lo r in a te d  p e s t i c id e s .
Much work has cen te red  on th e  acu te  to x ic  i t i e s  o f  TOP to  b io ta .  
Substances re sp o n s ib le  a re  th e  l ig h te r  w ater s o lu b le  components (R ice 
e t _ a l . , 1975; Templeton e t  a l . .  1975).
I n te r e s t  r e c e n tly  has begun to  focus on th e  e f f e c t s  due to  
ch ron ic  exposu re , p a r t i c u la r ly  to  th e  p e r s i s t e n t  w ater in so lu b le  
m o ie tie s .  R esearch has shown th a t  th e  p o ly n u c lea r arom atic  
hydrocarbons, p o ly c h lo r in a te d  b ip h e n y ls , and th e  c h lo r in a te d  
p e s t ic id e s  accum ulate to  h igh  le v e ls  in  th e  t i s s u e s  o f  m arine 
organism s (E llgenhausen  e t  a l . .  1980; McLeese e t  a l . .  1980; Chiou e t 
a l . . 1975). This accum ulation  i s  due to  th e  nonpo la r n a tu re  o f th ese  
p o l lu ta n ts  which a s s o c ia te ,  v ia  weak Van d e r Waal fo r c e s ,  w ith  
b io lo g ic a l  l i p i d s .  In  a d d i t io n ,  an in c re a se  in  en tro p y  i s  experienced  
upon p a r t i t io n in g  o f th e  hydrophobic su b stan ces  from th e  w ater to  the  
l i p i d s .  This i s  due to  th e  h igh  degree  o f  o rd e rin g  o f  th e  w ater 
m o lecu le s, th u s  low e n tro p y , re q u ire d  fo r  th e  d is s o lu t io n  o f  th e
4'F igure 1 . The Chesapeake Bay E stua ry  i s  d e p ic te d . Sampling 
lo c a tio n s  a re  shown: (1) Upper Rappahannock R iv e r; 
(2) Pocomoke Sound; (3) Lower James R iv e r; and (4) 
Upper James R iv e r.
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nonpolar substance  in  w ater compared to  l ip id s  (Ben-Naim, 1974). The 
tendency to  accum ulate in  th e  l ip id s  has been q u a n tif ie d  (E llgenhausen  
e t  a l . .  1980; V eith  e t  a l . .  1979) by means o f an o c ta n o l/w a te r  
p a r t i t io n in g  c o e f f i c i e n t .  This c o e f f ic ie n t  e s tim a te s  th e  r e l a t i v e  
s o l u b i l i t i e s  o f th e  hydrophobic compound in  q u e s tio n  in  th e  two 
su b s ta n c e s . The o c ta n o l serv es  as a su rro g a te  fo r  th e  b io t i c  l i p id s .
S eq u es te rin g  th e se  compounds in to  th e  l i p id  re s e rv e s  m inim izes 
t h e i r  a v a i l a b i l i t y  to  d e le te r io u s ly  in t e r f e r e  w ith  th e  normal 
m etabolism  o f th e  organism . R e in e rt and Bergman (1974) found th a t  
when th e  l i p id  s to re s  co n ta in ed  w ith in  th e  f a t t y  t i s s u e s  o f f i s h  
d ec re a se d , DDT re s id u e s  r e d is t r ib u te d  them selves among th e  l ip id s  o f 
th e  nervous system  causing  d e a th .
In  a d d i t io n ,  TOP p a r t i t i o n  from th e  w ater in to  a q u a tic  sedim ents 
(Ho and Karim , 1978; B aker, 1980). As in  b io t i c  l i p i d s ,  th e  bonds 
involved a re  g e n e ra lly  weak. However, once ag a in  th e  decrease  in  
w ater o rd e r in g  and subsequent in c re a se  in  en tropy  o f  th e  system  
determ ine th e  p o s i t io n  o f  th e  e q u ilib r iu m . A lthough th i s  s o rp tio n  may 
d ecrease  th e  b io a v a i l a b i l i ty  o f  th e  r e l a t i v e l y  in s o lu b le  compounds, 
th e  sedim ents may a c t as a r e s e r v o i r ,  r e le a s in g  p o l lu ta n ts  to  th e  
o v erly in g  w ater fo r  many years  (F le tc h e r  e t  a l . .  1981; Macko e t  a l . .  
1981; V aranasi and Gmur, 1981).
B iom agn ifica tion  o f p o l lu ta n ts  along foodchains has a lso  been 
examined (E llgenhausen  e t  a l . .  1980; Thomann, 1981; P e t r o c e l l i  and 
A nderson, 1975). Most e a r ly  work suggested  th a t  l i p o p h i l i c  compounds 
accum ulated to  h ig h e r and h ig h e r le v e ls  as one moved up th e  food 
c h a in . However, numerous excep tions  have been n o te d . I t  i s  now
g e n e ra lly  f e l t  th a t  in d iv id u a l r e la t io n s h ip s  must be examined more 
c lo s e ly .
L evels o f  TOP have been m onitored in  a  v a r ie ty  o f  a q u a tic  
organism s around th e  w orld (A n d e rlin i e t  a l . .  1981; Amico e t  a l . .
1979; B astu rk  e t  a l . .  1980). Many methods have been employed fo r  th e  
i d e n t i f i c a t i o n  and q u a n t i f ic a t io n  o f th e se  compounds. The most 
po p u la r methods u se  o rg an ic  so lv e n ts  to  e x t ra c t  th e  TOP from t i s s u e s ,  
fo llow ed by some form o f  chromatography to  s e p a ra te  th e  complex 
m ix tu re  o f  p o l lu ta n ts  from b io g en ic  compounds. Some o f th e  d e te c tio n  
system s u t i l i z e d  in  th e se  s tu d ie s  in c lu d e : flam e io n iz a tio n  and 
e le c tro n  c a p tu re  (B jo rse th  and Eklund, 1979; C hesle r e t  a l . .  1978), 
e le c tro n  im pact and chem ical io n iz a tio n  mass spec tro m etry  (D ahlgren 
and Abrams, 1982; K uehl, 1977) and spec tro p h o to m etric  d e te c to r s  (Krahn 
e t  a l . .  1981; L i t te n  e t  a l . .  1982).
A lthough l ip o p h i l i c  p o l lu ta n ts  appear to  accum ulate in  most o f  
th e  a q u a tic  organism s examined; th e  l e v e ls ,  types  and to x i c i t y  o f th e  
compounds a re  a  fu n c tio n  o f many f a c to r s .  The r e s u l t s  o f  any 
m o n ito ring  study  a re  a fu n c tio n  o f  th e  sp ec ie s  and lo c a tio n s  sam pled.
M olluscs have commonly been used as m on ito ring  organism s in  
p o l lu ta n t  s tu d ie s  due to  th e i r  seden ta ry  e x is te n c e  and poor a b i l i t y  to  
b io tra n s fo rm  x e n o b io tic s  ( e .g ,  F a rr in g to n  e t  a l . .  1983). The purpose 
o f  th o se  s tu d ie s  was more to  determ ine th e  d i s t r i b u t io n  o f th e  
p o l lu ta n ts  in  th e  environm ent than  to  examine o rg a n ism -p o llu ta n t 
in t e r a c t io n s ,  as in  th e  p re s e n t re s e a rc h .
In  th i s  study  th e  b lu e  c ra b , C a llin e c te s  s a n id u s . was chosen fo r 
m on ito ring  s in c e  i t  i s  an im p o rtan t, w ide-rang ing  e s tu a r in e  organism
7and suppo rts  a v a lu a b le  commercial f is h e ry  on th e  E ast and Gulf c o a s ts  
o f  th e  U nited S ta te s .
Many f a c to r s  in flu e n c e  th e  b ioaccum ulation  o f  x e n o b io tic s .  For 
examplet th e  m a tu r ity  and s iz e  o f  th e  organism  in flu e n c e  
c h a r a c te r i s t i c s  such as th e  l i p id  c o n te n t , s u rfa c e  a re a  and h a b its  o f 
th e  anim al (Wharfe and Van den Broek, 1978). S easonal e f f e c t s  have 
been shovn to  be im portan t (F le tc h e r  e t  a l . .  1981; Edgren e t  a l . .
1981; F ossa to  and C anzonier, 1976). Sex and c o n d itio n  o f th e  specimen 
may have a profound in flu en ce  ( P h i l l i p s ,  1978; H ubert and R ic c i ,  1981) 
on th e  accum ulation  o f p o l lu ta n t s .  These may, in  th e  case  o f th e  b lu e  
crab  fo r  exam ple, involve m o b iliz a tio n  o f l i p id  s to r e s  and subsequent 
se q u e s te r in g  and e lim in a tio n  v ia  th e  eg g s. T h is was found to  be th e  
case  by R oberts and L eggett (1980) w ith  th e  compound Kepone.
D iffe re n c e s  in  b io tran sfo rm a t ions o f  x e n o b io tic s  as a fu n c tio n  
o f  season and sex have been observed by Chambers and Yarbrough (1976 ). 
M igration  p a t te r n s  o f th e  b io ta  may a f f e c t  th e  exposure o f  mobile 
organism s to  p o l lu ta n ts  (P a 6 te l e t  a l . .  1980). T his i s  p o s s ib le  in  
th e  case  o f  th e  b lu e  c rabs in h a b itin g  th e  Chesapeake Bay. A lso , th e  
cho ice  o f t i s s u e s  examined is  c r u c ia l  to  th e  r e s u l t s  o b ta ined  
depending on th e  ro u te  o f e n try ,  subsequent b ind ing  and s to ra g e , and 
u lt im a te  b io lo g ic a l  f a te  o f  th e  p o l lu ta n ts  (Minchew e t  a l . .  1980; 
S herid an , 1975; Mix e t  a l . .  1982). Many p o l lu t io n  s tu d ie s  n eg lec t th e  
above m entioned param eters  (H uggett, 1981).
To conduct a s tudy  o f p o l lu ta n t  loads in  th e  b lu e  c rab s  o f th e  
Chesapeake Bay, one must understand  th e  b a s ic  l i f e  h is to r y  o f th e  
organism . The b io lo g y  o f  th e  crab  has been review ed by se v e ra l 
au th o rs  (T ag a tz , 1978; Van E ngel, 1958; W illiam s, 1965). The
c ru s tac ean  i s  a b le  to  t o l e r a t e  a wide range o f tem peratu re  and 
s a l i n i t y  (Tan and Van E ngel, 1966). C a l l in e c te s  san idus in h a b its  
p o ly h a lin e  to  o lig o h a lin e  c o a s ta l  a re a s  from Nova S c o tia  to  Uruguay 
(W illiam s, 1965). I t  i s  an om nivore, consuming f i s h ,  p la n t m a te r ia l ,  
m olluscs and o th e r  c ru s ta c e a n s  (L au g h lin , 1982).
In  th e  Chesapeake Bay, eggs develop in  th e  h igh  s a l i n i t y  w ater 
a t  th e  mouth o f th e  Bay and h a tch  in to  zoeae a f t e r  about 11 to  14 days 
(Sandoz and R ogers, 1944). These undergo s ix  to  e ig h t m o lts , p ass in g  
through seven la rv a l  s ta g e s  and th en  metamorphose in to  m egalopae, a 
more c ra b l ik e  form (C ostlow , 1965). Thi6 s tag e  l a s t s  from one to  
th re e  w eeks, and i s  follow ed a f t e r  a m olt by th e  ju v e n ile  C a l l in e c te s  
s ta g e . Environm ental f a c to r s ,  e . g . ,  te m p era tu re , s a l i n i t y ,  food 
a v a i l a b i l i t y  and w ater movements a re  c r u c ia l  fo r  th e  s u rv iv a l o f  th e  
la rv a e  and re c ru itm e n t o f  ju v e n ile s  to  th e  e s tu a ry  (S u lk in  e t  a l . .
1980). Larvae a re  p a r t i c u la r ly  su sc e p ta b le  to  th e  to x ic  e f f e c t s  o f 
p o l lu ta n ts  such as Kepone and m ethoxychlor (Bookhout, 1976; 1980). 
A lthough th e  number o f  eggs spawned by a s in g le  fem ale may exceed 
2,000,000 only  two o f th e se  on th e  average w i l l  su rv iv e  to  become 
m ature c rab s  (Van E ngel, 1958).
The male C a l l in e c te s  san idus co n tin u es  to  m olt and grow 
throughout i t s  l i f e  span , b e lie v e d  to  be a maximum o f th re e  y e a rs . 
However, th e  fem ale undergoes a te rm in a l m aturing m o lt, thus 
p rev en tin g  fu r th e r  grow th . Only a t  th e  tim e o f th i s  l a s t  m o lt, when 
th e  fem ale i s  in  th e  s o f t  crab  s ta g e ,  can i t  m ate. Sperm i s  s to re d  by 
th e  fem ale and, a lth o u g h  m ating u s u a lly  occurs in  Ju ly  through 
Septem ber, eggs norm ally  a re  n o t ex truded  u n t i l  th e  fo llow ing  sp r in g . 
A d d itio n a l spawnings by a s in g le  crab  have been rep o rte d  (W illiam s,
1965). Eggs a re  a t ta c h e d  to  th e  fem ale on s e ta e  on th e  p o s te r io r  
appendages, th e  swimmerets, end rem ain th e re  u n t i l  h a tc h in g . The egg 
clum ps, o r sponges, i n i t i a l l y  appear orange in  c o lo r .  As development 
co n tin u es  th e  yo lk  is  u t i l i z e d  and th e  eggs become dark  brown o r b lack  
in  c o lo r .
As n o te d , l a r v a l  development re q u ire s  h igh  s a l i n i t y  w a te r . 
Fem ales, a f t e r  m ating in  th e  low s a l i n i t y  reach es  o f  th e  r iv e r s  
feed ing  th e  Chesapeake o r th e  upper Bay i t s e l f ,  m ig ra te  to  th e  Bay 
mouth where th e  eggs a re  ex tru d e d . The la rv a e  e x h ib it  a p la n k to n ic  
form o f e x is te n c e ,  bu t th e  ju v e n ile s  a re  b e lie v e d  to  u t i l i z e  th e  
bottom  c u r re n ts  in  t h e i r  m ig ra tio n  tow ards th e  lower s a l i n i t y  a re a s ,  
where th e y  co n tin u e  th e i r  growth (S u lk in  e t  a l . .  1980).
In  th a t  many p e s t ic id e s  have been fo rm ulated  to  c o n tro l in s e c t s ,  
i t  i s  no t s u rp r is in g  th a t  n o n ta rg e t a r th ro p o d s , such as th e  
c ru s ta c e a n s , a re  p a r t i c u la r ly  s e n s i t iv e  to  t h e i r  e f f e c t s  (Schimmel e t 
a l . ,  1979).
TOP ex p ress  t h e i r  to x i c i t y  v ia  a number o f p h y s io lo g ic a l 
mechanisms. A common mode is  th rough damage to  c e l l u l a r  membranes 
(H utchinson e t  a l . .  1979; B astian  and T o e tz , 1982; Packham e t  a l . .  
1981). T h is i s  re a s o n a b le , as th e  membranes c o n s is t  la rg e ly  o f 
l i p i d s .  Symptoms o f  p o l lu ta n t  exposure have been review ed by 
Sindermann (1979) and Meyers and Hendricks (1 9 8 2 ), th e se  inc lude  
s k e le t a l  anom alie s, n e o p la s ia ,  g e n e tic  a b n o rm a lit ie s , u lc e r s ,  f in  r o t  
and s h e l l  e ro s io n . The causes may be th e  d i r e c t  a c t io n  o f th e  
p o l lu ta n ts  o r i n d i r e c t ,  e . g . ,  low ering o f r e s is ta n c e  and subsequent 
v i r a l  o r b a c t e r i a l  a t ta c k  due to  immune response  su p p re ss io n .
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A lte ra t io n s  o f  l i v e r  and p a n c re a tic  t i s s u e s  o f  f i s h  have been 
noted fo llow ing  exposure to  v a rio u s  A rochlor m ix tu res (Hansen e t  a l . .  
1974; Freeman e t  a l . .  1982) and crude o i l  e x t r a c ts  (E u re l l  and 
H aensly , 1981). H e p a to c e llu la r  l ip id  v a c u o liz a tio n  and damage to  g i l l  
membranes have been observed  (M alins, 1982). B enzo(a)pyrene, 
naph thalene and A rochlor 1254 d is tu rb e d  n e u ro tra n sm itte r  le v e ls  in  
channel c a t f i s h  (Fingermann and S h o rt, 1983). Maslova (1981) showed 
th a t  DDT a l te r e d  c h o l in e s te ra s e  a c t i v i t y  and G hiasuddin and Matsumura 
(1979) noted th a t  Ca++ re g u la t io n  in  c ru s ta c e a n  nerves was a lso  
a f f e c te d .  D etrim en ta l e f f e c t s  o f  TOP on develop ing  eggs and young o f 
a q u a tic  organism s have a lso  been observed (Hose e t  a l . .  1982; McKeown, 
1981).
Changes in  b e h a v io ra l re sp o n se s , such as r e f l e x e s , by DDT were 
shown by Gdovsky and F le ro v  (1979) to  occur in  f i s h .  Such a l te r a t io n s  
may pu t organism s a t  a d isad v an tag e  in  p re d a to r /p re y  r e la t io n s h ip s  
(S tehn  e t  a l . .  1976). Pheromone communication i s  im portan t in  the  
re p ro d u c tiv e  behav io r o f  b lu e  c rab s  (G leeson , 1980); i t  i s  
h ypo thesized  th a t  pe tro leum  may in te r f e r e  w ith  th e  a b i l i t y  o f  th e  crab  
to  d e te c t  th e  chem ical s ig n a l s .
Not o n ly  i s  th e  damage done by TOP se r io u s  and th e  number o f 
dangerous su b stan ces  immense, th e  p o s s i b i l i t y  fo r  in te r a c t io n s  between 
th e  v a r io u s  components o f th e  p o l lu ta n t  load  a re  l ik e ly  (Conney and 
B urns, 1972).
As m entioned , th e  p o te n t ia l  fo r  harm by p o l lu ta n ts  i s  lessened  
by se q u e s te r in g  them in to  l i p id  s to ra g e  s i t e s .  Organisms may a lso  
e x c re te  them u n a lte re d  v ia  th e  f e c e s ,  u r in e ,  r e s p i r a to r y  and
11
in tegum entary  su rfa c e s  (H arding e t  a l . .  1981; Lee e t  a l . .  1976; 
V aranasi and Gmur, 1981).
A nother method o f  m inim izing th e  burden o f bioaccum ulated 
compounds i s  by b io tra n s fo rm a t ion o f  th e  nonpolar x e n o b io tic s  to  w ater 
so lu b le  m e ta b o lite s  and subsequent e x c re t io n . An im portan t mechanism 
by which th i s  i s  accom plished i s  v ia  th e  mixed fu n c tio n  oxygenase 
enzyme system  (MFO). T h is system  has been most th o rough ly  s tu d ie d  in  
mammals in  r e l a t io n  to  th e  m etabolism  o f d ru g s . L a te r  i t  was found 
th a t  th e  MFO system  b io tran sfo rm ed  a wide range o f  compounds, 
in c lu d in g  o rg an ic  p o l lu ta n t s .  C urren t work su g g ests  th a t  th e  enzyme 
system  c o n s is ts  o f a c lo s e ly  r e la te d  fam ily  o f  enzymes each e x h ib itin g  
a s p e c i f i c i t y  fo r  a s e le c t  group o f  su b stan ces  (P a in e , 1981).
At f i r s t  i t  was b e lie v e d  th a t  th e  oxygenase system  was absen t in  
a q u a tic  b io t a .  However, r e c e n t ly  i t  has been found in  bony f i s h  
(Stegem an, 1977), elasm obranch6 (James and Bend, 1980), po lychaete  
worms (Lee and S in g e r, 1980), m olluscs .(Moore e t  a l . .  1980), 
echinoderms (M aiins and R oubal, 1982) and c rab s  (S in g er and Lee,
1977). An e x p lan a tio n  o f th i s  d i s p a r i ty  invo lves th e  lower a c t i v i t y  
o f th e  system  in  a q u a tic  b io ta  compared w ith  t e r r e s t r i a l  forms h ing ing  
perhaps on th e  requ irem en ts o f  th e  l a t t e r  to  conserve w a te r , w h ile  th e  
former may e x c re te  a d i l u te  u r in e  (P a in e , 1981). In  a d d i t io n ,  th e  
optim al assay  c o n d itio n s  fo r  th e  two groups d i f f e r ,  t h i s  r e s u l te d  in  
u n d eres tim a tes  o f a c t i v i t y  in  a q u a tic  forms when methods designed  fo r  
mammalian system s were u sed .
The system  is  re s p o n s ib le  fo r  a range o f  o x id a tiv e  
tra n s fo rm a tio n s , among th e se : h y d ro x y la tio n , 0 -d e a lk y la t io n , N- 
d e a lk y la t io n ,  d eam ination , su lp h o x id a tio n  and N -ox ida tion  (P a in e ,
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1981). The mixed fu n c tio n  oxygenase system  in  in v e r te b ra te s  c o n s is ts  
o f  th e  cytochrome P-450 (a  haem c o n ta in in g  p r o t e i n ) , phospho lip id  and 
NADPH cytochrome P-450 re d u c ta se  (L ee, 1981). I t  re q u ire s  oxygen,
if'
Mg as a c o fa c to r ,  and a s u b s t r a te  to  be o x id iz e d , such as 
benzo(a)pyrene (B (a )P ) .
*♦*++B a s ic ly , th e  s u b s t r a te  r e a c ts  w ith  th e  o x id ized  P -450, (Fe ) -  
P -450, to  form th e  complex (Fe+++) -P -4 5 0 -s u b s tra te .  This complex is  
reduced by an e le c tro n  from NADPH cytochrome P-450 re d u c ta s e .  The 
p roduct o f  th i s  re d u c tio n  i s  (Fe++) -P -4 5 0 -s u b s tra te .
The reduced complex r e a c ts  w ith  oxygen and an o th er e le c t ro n ,  
thought to  come from NADPH, to  form an u n s ta b le  superox ide 
in te rm e d ia te  (L ee, 1981). The in te rm ed ia te  d is s o c ia te s  to  form w a te r, 
ox id ized  P-450 and hydroxy la ted  s u b s t r a te .
A h o s t o f p o s i t io n a l  isom ers may be produced by th e  
in c o rp o ra tio n  o f  th e  hydroxyl (Solbakken e t  a l . .  1980). The 
h yd roxy la ted  p roduct may be con jugated  w ith  v a r io u s  indogenous 
s u b s t r a te s ,  such as g lu c o se , g lu cu ro n ic  a c id , g lu ta th io n e  and 
s u lp h a te ,  form ing w ater s o lu b le ,  e a s i ly  ex cre ted  m o ie tie s  (M alin s, 
1977; Chambers and Y arbrough, 1976). C onversely , th e  prim ary 
m e ta b o lite s  may be f u r th e r  ox id ized  by th e  MFO system  to  d io l s ,  
qu inones, t r i o l s ,  t e t r o l s  o r com binations o f th e s e .
The h y d roxy la ted  m e ta b o lite s  e x h ib it  m utagenic and c y to to x ic  
p o te n t ia l  (S e lk irk  and McLeod, 1982; Gmur and V aran asi, 1982). In  
a d d i t io n ,  c e r t a in  o f  th e se  a re  e a s i ly  m etabo lized  to  th e  more ox id ized  
form s, some o f which a re  ex trem ely  m utagen ic . Thu6, e lu c id a t io n  of 
th e  m e ta b o lite  p r o f i l e s  i s  c r i t i c a l  fo r  th e  assessm ent o f th e  to x ic  
p o te n t ia l  o f  p ro c a rc in o g e n s . This has im portan t im p lic a tio n s  fo r  th e
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aq u a tic  organism s as v e i l  as th e i r  human consum ers. The enhanced 
to x ic i ty  o f th e  m e ta b o lite s  compared w ith  th e  p a re n t compounds i s ,  
i n i t i a l l y ,  s u rp r is in g .  I t  i s  p robab le  th a t  d u ring  th e  e v o lu tio n  o f 
th e  system  exposure to  p o l lu ta n ts  was n e g l ig ib le .  T h e re fo re , th e  
oxygenases were no t p repared  fo r  th e  onslaugh t o f chem icals they  now 
encounter and a re  perform ing a fu n c tio n  th ey  were no t o r ig in a l ly  
designed f o r .  As a r e s u l t ,  they  may g en e ra te  p ro d u c ts  th a t  a re  
d e tr im e n ta l to  th e  su rv iv a l o f  th e  organism .
As an exam ple, benzo(a)pyrene i s  r a th e r  in e r t  in  i t s  
unm etabolized form . However, i t  i s  l ip o p h i l i c  and b ioaccum ulated  as 
a re  o th e r  arom atic  hydrocarbons. I t  may be m etabo lized  to  th e  7 ,8 -  
d io 1 -9 ,10-epoxide which i s  an ex trem ely  p o te n t m utagen. The mechanism 
o f m utagenesis i s  b e liev ed  to  invo lve  an e le c t r o p h i l i c  a t ta c k  by a 
carbonium io n , formed v ia  th e  opening o f  th e  s tr a in e d  epoxide r in g ,  on 
an e le c tro n  r ic h  s p e c ie s ,  such as DMA (S e lk irk  and McLeod, 1982). 
V aranasi e t  a l . .  (1982) dem onstrated  th a t  m e ta b o lite s  o f  B(a)P 
c o v a le n tly  bound to  p ro te in s  and DMA of E n g lish  s o le ,  Paronhrvs 
v e tu lu s . The pathway and se v e ra l o f  th e  p o s s ib le  p ro d u c ts  o f B(a)P 
m etabolism  a re  shown in  F igure 2 .
Much work has been done w ith  mammalian system s b u t l i t t l e  
u t i l i z i n g  in v e r te b ra te s  and most o f them u s in g  in - v i t r o  m ethods. 
A lthough in -v iv o  experim ents a re  more d i f f i c u l t  to  c o n t r o l ,  th ey  a re  
v a lu ab le  s in ce  in ta c t  c e l l  m etabolism  o f s u b s t r a te s  has been shown 
(S e lk irk  and McLeod, 1982) to  d i f f e r  from th a t  in  c e l l  f r e e  in - v i t r o  
system s.
E lev a tio n  o f  enzyme a c t iv i t y  fo llow ing  exposure to  s u b s t r a te s  
has been noted in  t e r r e s t r i a l  organism s and f i s h  (P a in e , 1981; Mava
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F igu re  2 . T yp ica l p ro d u c ts  o f th e  in -v iv o  b io t r a n s f o r m a t io n  o f  
b e n z o ( a ) p y r e n e . T h e s e  i n c l u d e  B (a )P  p h e n o l s ,  
q u in o n e s ,  e p o x i d e s ,  d i o l s ,  t r i o l s ,  t e t r o l s  and 









and E n g e lh a rd t, 1982). T h is phenomenon has im portan t im p lic a tio n s  
s in ce  i t  may a llow  organism s in h a b itin g  p o llu te d  a re a s  to  more q u ick ly  
purge them selves o f  l ip o p h i l i c  compounds (S p ies  e t  a l . .  1982). 
In d u c tio n  has been noted  in  human c ig a r e t t e  smokers (M arshall e t  a l . .  
1979). C onversely , i t  may make th e  organism  more prone to  cancers  due 
to  th e  p ro d u c tio n  o f  e l e c t r o p h i l ic  m e ta b o li te s .
Workers employing mammalian system s have c l a s s i f i e d  enzyme 
inducers in to  two groups: th e  p h e n o b a rb ita l and th e  po lynuc lear 
arom atic hydrocarbon ty p e s .  The form er in c ludes many o f  th e  drugs and 
p e s t ic id e s  in  use  today  (Matthews and R ato , 1979). The l a t t e r  a re  
a lso  known as th e  m ethy lcho lan th rene  in d u c e rs . When o r ig in a l ly  
d isc o v e re d , th e  MFO system  was thought to  c o n ta in  a s in g le  cytochrom e, 
P -450, so named because o f  i t s  ab so rp tio n  o f  u l t r a v i o l e t  (UV) l ig h t  a t  
450 nm. However, i t  i s  now b e lie v e d  th a t  a t  l e a s t  two s e p a ra te  forms 
e x i s t ,  co rrespond ing  to  th e  inducer c l a s s i f i c a t io n s  mentioned above. 
More d e ta i le d  work shows th a t  an a b so rp tio n  maximum may occur a t  448 
nm, in d ic a tin g  th e  p resen ce  o f  a second form o f th e  cytochrom e. This 
cytochrom e, P-448 i s  thought to  be th a t  re sp o n s ib le  fo r  th e  
m e ta b o liz a tio n  o f th e  PAH and th e  very  to x ic  d io x in s .  The PCB e x h ib it  
a mixed response  due, in  p a r t ,  to  th e  number and v a r ie ty  o f isom ers 
th a t  occur (P a in e , 1981). The to x i c i t y  o f PCB and d io x in s  has been 
c o r re la te d  w ith  th e i r  a b i l i t y  to  induce th e  MFO enzyme system 
(S ta l l in g s  e t  a l . .  1979). The s tro n g e s t in d u c e rs , e . g . ,  th e  
te tra c h lo ro d ib e n z o d io x in s , a re  some o f  th e  most to x ic  compounds known 
(Safe e t  a l . .  1982).
Many c h lo r in a te d  compounds e x h ib it  low w ater s o lu b i l i ty  and h igh  
b io accum ula tion . T h is accum ulation i s  s e le c t iv e  in  th e  PCB s e r i e s .
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The more c h lo r in a te d  members a re  p r e f e r e n t i a l ly  re ta in e d  due to  th e i r  
lower w ater s o lu b i l i ty  and th e  d i f f i c u l ty  a s so c ia te d  in  th e  
b io tra n fo rm a tio n  o f th e  s t e r i c a l l y  h indered  s i t e s  (Guiney and 
P e te rso n , 1980; McLeese e t  a l . .  1980; Hansen e t  a l . .  1976).
In c re a se s  in  a c t i v i t y  caused by th e  p h e n o b a rb ita l and th e  
m ethy lcho lan th rene  inducers  have no t always been d i f f e r e n t ia t e d  in  
a q u a tic  sp e c ie s  (S p ies  e t  a l . .  1982). Some sp e c ie s  o f  m arine 
organism s e x h ib i t  no d e te c ta b le  in c re a se  in  MFO a c t iv i t y  a f t e r  
exposure to  e i th e r  type o f inducer (M alin s, 1977). Lee (1981) 
re p o rte d  s p e c tr a l  changes suggesting  in d u c tio n  in  b lu e  c rab s  a f t e r  
exposure to  A rochlor 1254. In d u c tio n  in  th e  p o ly c h a e te , N ereis 
v i r e n s . (Lee e t  a l . .  1981) and channel c a t f i s h ,  I c ta lu ru s  n u n c ta tu s . 
(Fingerman e t  a l . . 1983) have been re p o r te d . O bviously , d i f f e r e n t  
forms o r s ta g e s  o f  development o f th e  system  e x is t  among a q u a tic  
o rgan ism s.
In  a d d itio n  to  b io tran sfo rm in g  l ip o p h i l ic  x e n o b io tic s  to  more 
p o la r  w ater so lu b le  m o ie tie s ,  MFO is  re s p o n s ib le  fo r  perform ing  many 
o x id a tiv e  re a c t io n s  in vo lv ing  endogenous compounds such as s te ro id  
hormones (Blum berg, 1978). I t  i s  fo r  t h i s  fu n c tio n  th a t  th e  enzymes 
a re  thought to  have evo lved .
The m o lting  hormone in  th e  b lu e  crab  i s  b e lie v e d  to  be B.- 
ecdysone (K rishnakum aran and Schneiderman, 1970; Horn e t  a l . .  1968; 
B orst and 0 '  Connor, 1967). The same substance  i s  sy n th es iz ed  in  
in s e c ts  by th e  h y d ro x y la tio n  o f ecdysone by th e  cytochrome P-450 
Bystem (R ic h a rd s , 1981).
As m entioned, c rab s  p o ssess  th e  MFO system  and a re  capab le  o f 
b io tran sfo rm in g  x e n o b io tic s  to  more p o la r  m e ta b o lite s  (C orner e t  a l . .
1973; Lee e t  a l . .  1976). High le v e ls  o f  MFO have been found u t i l i z i n g  
in - v i t r o  assays  o f  stomach t i s s u e  from male and fem ale b lu e  crabs 
(S inger and Lee, 1977). High a c t iv i t y  has been re p o rte d  in  th e  green  
g land o f  C a l l in e c te s  sa n id u s . Oxygenase a c t i v i t y  in  th i s  organ v a r ie s  
as a fu n c tio n  o f  th e  e c d y s ia l c y c le .  At th e  tim e o f  ecdy6is a c t iv i t y  
i s  c o n s id e ra b ly  lower than  th a t  found in  th e  prem olt c o n d itio n . 
However, i t  q u ick ly  in c re a se s  ag a in  a f t e r  m olting  to  le v e ls  exceeding 
th a t  found p r io r  to  th e  even t (S in g er and Lee, 1977). This 
c o r r e la t io n  o f  th e  m olt cy c le  to  f lu c tu a t io n s  o f  MFO a c t i v i t y ,  coupled 
w ith  th e  re se a rc h  mentioned p re v io u s ly  concerning th e  lin k  between 
cytochrome F-450 aud ecdysone p ro d u c tio n , may help  e x p la in  th e  h igh 
to x i c i t y  o f TOP to  ju v e n ile  c ru s ta c e a n s  (S in g er and Lee, 1977). I t  
may a lso  e x p la in  why arom atic  hydrocarbons and PCB have been 
im p lica ted  as agen ts  p rev en tin g  limb re g e n e ra tio n , d ec reasin g  th e  
growth increm ent and in h ib i t in g  m olting  (Fingerm an and Fingerm an,
1977, 1979, 1980; Cantelmo e t  a l . .  1981).
F in a l ly ,  in -v iv o  work (Lee e t  a l . .  1976) sug g ests  th a t  the  
hep a to p an creas , a s to ra g e  and d ig e s t iv e  organ in  th e  c ra b , is  the  
major s i t e  o f  PAH s to rag e  and m etabolism . I t  has been rep o rte d  th a t  
th e  in -v iv o  assays u t i l i z i n g  hepatopancreas microsomes showed lower 
a c t i v i t y  than  th o se  o f green  g land due, p e rh ap s , to  th e  p resence  o f 
endogenous in h ib i to r s ,  p re se n t in  th e  form o f d ig e s t iv e  f lu id s  (S inger 
and Lee, 1977).
OBJECTIVES
The o b je c tiv e s  o f th e  re s e a rc h  re p o rte d  here  were:
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1) To examine th e  le v e ls  o f  to x ic  o rg an ic  p o l lu ta n ts  in  th e  
b lu e  c rab s  p o p u la tin g  V irg in ia  w a te rs .
2) To determ ine i f  th e  l i f e  h is to r y  and b io lo g y  o f th e  b lu e  
crab  e x e r ts  a s ig n i f i c a n t  in flu en ce  upon th e  le v e ls  o f  p o llu ta n ts  
d e te c te d  in  th e  f i e l d  samples c o l le c te d .  Param eters considered  
in c lu d e : sex , m a tu r ity  and spawning c o n d itio n . In  a d d i t io n ,  to  
examine th e  d i s t r i b u t io n  o f TOP among th e  t i s s u e s  o f th e  c ra b s .
3) To determ ine whether th e  b io tra n s fo rm a t ion o f p o l lu ta n ts  is  
a fu n c tio n  o f th e  se x , m a tu r ity  and m olt s ta g e  o f th e  c ra b .
4) To examine e lim in a tio n  r a te s  and m e ta b o lite  p r o f i le s  in  
o rd er to  understand  th e  pharm acok inetics  o f  p e r s i s te n t  o rgan ic  
x e n o b io tic s  in  th e se  organism s.
II. TOXIC ORGANIC POLLUTANTS IN BLUE CRABS COLLECTED FROM THE FIELD
A. METHODS
Major f ie ld  sam pling o f b lu e  crab  p o p u la tio n s  fo r  to x ic  organic  
p o l lu ta n ts  o ccu rred  in  June and September 1981, d u rin g  th e  V irg in ia  
I n s t i t u t e  o f  M arine Science (VIMS) C rustaceo logy  Survey o f V irg in ia  
w a te rs , u t i l i z i n g  a  30 fo o t sem i-balloon  o t t e r  traw l equipped w ith  a 
1 /4  inch  l in e r  and a t i c k l e r  c h a in . Crabs c o l le c te d  were sep ara ted  by 
sex and m a tu r ity  c r i t e r i a .  M ales, a d u lt fem ales and ju v e n ile  females 
were recognized  by th e  shape o f th e  abdominal carap ace ; T -shaped, 
rounded, and t r i a n g u la r ,  r e s p e c t iv e ly .  The m a tu rity  o f males was 
a s c e r ta in e d  by exam ination  o f th e  proxim al segments o f  th e  abdomen: 
they  a re  t i g h t l y  secured  in  th e  immature c ra b . A f i f t h  group 
con ta ined  fem ale c rab s  w ith  a tta c h e d  egg masses (b e r r ie d  c r a b s ) . A ll 
specimens u t i l i z e d  in  t h i s  p o r tio n  o f th e  p ro je c t  were in  th e  
in te rm o lt c o n d it io n . Supplem entary sam plings o f  a d u lt  male crabs from 
th e  lower James R iver s ta t io n  were conducted in  J u ly ,  A ugust, October 
and November 1981.
The e n t i r e  hepatopancreas and a subsample o f th e  body 
m uscu latu re were removed from each c ra b . O varies were removed from 
a d u lt fem ales and egg masses saved from b e r r ie d  c ra b s .  Each sample 
analyzed c o n s is te d  o f  t i s s u e s  pooled from up to  15 c rab s  o f each of 
th e  above m entioned c l a s s i f i c a t i o n s ,  i f  s u f f ic ie n t  specim ens were 
a v a i la b le .  S iro ta  e t  a l . (1983) determ ined th a t  PAH co n c e n tra tio n s  
ex h ib ite d  c o n s id e ra b le  v a r i a b i l i t y  from in d iv id u a l to  in d iv id u a l in
lo b s te r  ( Homarus am ericanus) exposed to  c reo so ted  t im b e r . T herefore
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i t  was f e l t  th a t  th e  pooled  sample approach would p rov ide  th e  most 
r e p re s e n ta t iv e  view o f  th e  p o l lu ta n t  le v e ls  in  th e  c rab s  p re se n t in  
th e  f i e l d .  T h is sam pling regim e was rep ea ted  a t  th e  sampling 
lo c a tio n s  shown in  F ig u re  1 . S ta tio n s  chosen re p re se n t d iv e rse  
g eo g rap h ica l a re a s  s u b je c t to  a range o f  an thropogenic in p u ts .  These 
inc lu d ed : th e  lower James R iv e r , one to  f iv e  m iles  from i t s  mouth (an 
a rea  o f  h igh  in d u s t r i a l  a c t i v i t y ) ;  th e  upper James, 23 to  27 m iles  
from i t s  mouth ( lo c a te d  between N orfolk and Richmond, and encompassing 
th e  tu r b id i ty  maximum o f th e  James R iver E s tu a ry ) ; th e  Rappahannock 
R iv e r , 25 to  35 m iles  from i t s  mouth; and th e  Focomoke Sound, an a rea  
on th e  bay s id e  o f th e  e a s te rn  shore o f V irg in ia  (hypo thesized  to  be 
low in  p e r s i s te n t  p o l lu ta n t  in p u t) .
A ll g lassw are  u t i l i z e d  in  t h i s  work, p r io r  to  u sag e , was washed 
in  soapy w a te r , r in se d  w ith  ta p  w a te r , de ion ized  w a te r , 3N HC1, and 
ag a in  w ith  d e io n ized  w a te r . I t  was then  r in se d  s e q u e n tia l ly  w ith  
to lu e n e , m ethano l, ace tone  and m ethylene c h lo r id e . G lassw are was 
d r ie d  in  an oven a t  400°C a f t e r  r in s in g .  A ll so lv e n ts  were purchased 
from Burdick and Jackson , Muskegon M i., and ra te d  fo r  p e s t ic id e  
a n a ly se s .
P rocedures used in  th e  chem ical a n a ly s is  o f th e  samples follow ed 
c lo s e ly  th a t  employed by B ie r i  e t  a l . (1982) fo r  th e  d e te rm in a tio n  of 
to x ic  o rg an ic s  in  o y s te r s .  A fte r thaw ing , samples were ground in  a 
V ir t i s  T issu e  Homogenizer. The a d d itio n  o f a sm all amount o f 
m ethylene c h lo r id e  e x tra c te d  w ater was n ecessa ry  fo r  hom ogenization o f 
th e  m uscle sam ples.
The homogenates were t r a n s fe r re d  to  s ta in le s s  s t e e l  pans and wet 
w eights o f th e  t i s s u e s  o b ta in e d , a f t e r  which th e  samples were re fro z e n
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in  p re p a ra tio n  fo r  f re e z e -d ry in g . Wet w eights o f m uscle t i s s u e s  were 
determ ined p r io r  to  hom ogenization.
Samples were ly o p h iliz e d  fo r  36 hours in  a  f re e z e -d ry e r  and 
reweighed to  determ ine th e  p e rcen tag e  o f  w ater in  th e  v a rio u s  t i s s u e s .  
The d ry  homogenates were broken up and a subsample removed from each 
and charged to  e x tra c t io n  th im b le s . I t  was found th a t  i f  a sample was 
f in e ly  ground th e  volume o f th e  t i s s u e s  was reduced and th e  g la s s  
f r i t s  o f  th e  th im b les q u ic k ly  became b locked by f in e s  during  
e x t r a c t io n .  I n i t i a l l y  up to  e ig h t grams o f t i s s u e  were used from each 
sam ple. However, th i s  was reduced to  approx im ate ly  two grams in  
subsequent work fo r  t i s s u e s  o f  h igh  l i p id  co n ten t such a6 
h ep a to p an creas , ovary  and egg.
The thimbleB were placed in soxh let ex tractors equipped w ith 500 
ml round bottom f la s k s ,  f i l l e d  w ith 300 ml methylene ch lor id e and 
g en tly  refluxed  for 24 hours w ith e le c t r ic  beating m antles.
P re lim in a ry  work rev ea led  th a t  no s ig n i f i c a n t  in c re a se s  in  y ie ld  were 
ob ta in ed  by e x tra c t in g  fo r  longer p e r io d s .  E x tra c tio n  e f f ic ie n c y  wa6 
approx im ate ly  70%, based on y ie ld s  o f arom atic  s ta n d a rd s , S9 (phenyl 
e th e r ,  d ib en zo th icp h en e , a t r a z in e ,  d ib u ty l  p h th a la te ,  m a la th io n , 
f lu o ra n th e n e , o,p'-DDD, benzo(e)pyrene  and d ecach lo rob ipheny l) and S3 
( 2 ,2 '- b in a p th y l , p -q u a te rp h en y l and d e c sc h lo ro b ip h e n y l) . The 
r e l a t i v e ly  low e f f ic ie n c y  was a fu n c tio n  o f th e  v a r ie d  compound types 
ta rg e te d  fo r  exam ination . R e su lts  were no t c o rre c te d  fo r  reco v e ry .
The e x tra c t  was reduced in  volume on a ro ta ry  ev ap o ra to r and th e  
c o n c e n tra te  and s e v e ra l m ethylene c h lo r id e  r in s e s  o f  th e  e x tra c t io n  
f la s k  t r a n s f e r r e d  to  a g raduated  c e n tr ifu g e  tu b e . The volume in  the  
tube  was blown down in  a w ater b a th  w ith  p u r i f ie d  n itro g e n  to  n in e  m l.
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A ll w ater b a th s  used were m ain tained  a t  40°C. Three ml o f th e  e x t ra c t  
was t r a n s f e r r e d  to  a preweighed d isp o sa b le  aluminum pan , th e  so lv en t 
allow ed to  ev ap o ra te  o v e rn ig h t, and th e  re s id u e  weighed to  a sse s s  th e  
amount o f  e x t ra c ta b le  l ip id ?  p re se n t in  th e  t i s s u e s .
Due to  th e  r e l a t i v e ly  h igh  le v e ls  o f  b io g en ic  m a te r ia l  
c o e x tra c te d  w ith  th e  to x ic s ,  cleanup s te p s  were n ece ssa ry  p r io r  to  gas 
chrom atography so th a t  th e  low le v e l  TOP were no t obscu red .
The rem ain ing  6 ml o f sample were p icked  up in  a sy rin g e  and 
in je c te d  onto  a g e l perm eation  chrom atographic column (GPC; Autoprep 
Model 1001; A n a ly tic a l Bio C hem istry L a b o ra to r ie s , I n c . )  equipped w ith  
a 5 .4  ml in je c t io n  loop . Biobeads S-X8 r e s in  was employed in  th e  
column. M ethylene c h lo r id e  e lu te d  th e  sample com ponents. E lu tio n  
volumes were determ ined w ith  arom atic  s tan d ard  m ix tu res  (S9, 
p re v io u s ly  d e sc r ib e d , and S8 c o n s is tin g  o f  n ap h th a len e , b ip h e n y l, 
hexam ethylbenzene, phenan th rene , p y ren e , ch ry sen e , p e ry len e  and 
b e n z o (g h i)p e ry le n e ) . R eten tion  d i f f e r e d  from column to  column 
depending on th e  b a tch  and packing te ch n iq u e .
In  GPC, s e p a ra tio n  i s  a fu n c tio n  o f m olecu lar s iz e .  Small 
m olecules a re  a b le  to  e n te r  th e  po res  o f  th e  r e s in  and a re  e lu te d  
l a s t .  Compounds o f r e l a t i v e ly  h igh  m olecu lar w eig h t, such as c e r ta in  
b io g en ic  m o lecu le s, p ass  th rough th e  column q u ic k ly . Thus th e se  
m olecules may be sep a ra ted  from th e  compounds o f  i n t e r e s t .
The volume c o n ta in in g  th e  to x ic  o rg an ic  compounds was c o l le c te d ,  
reduced in  volume on a ro ta v a p , t r a n s fe r r e d  w ith  so lv e n t r in s e s  to  a 
g raduated  tube and blown down w ith  n itro g e n  to  a volume o f  0 .2  m l.
The "c leaned"  sample was in je c te d  on a h igh  perform ance l iq u id  
chrom atograph (HPLC) c o n ta in in g  a normal phase p re p a ra t iv e  column
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(Whatman P a r t i s i l - 1 0  PAC Magnum 9; amino and cyano fu n c tio n a l groups 
bonded to  s i l i c a  g e l ) .  The program used is  shown in  F ig u re  3A.
S olven t A was hexane and S o lven t B iso p ro p an o l. This program allow ed 
th e  s e p a ra t io n  o f  th e  a l ip h a t i c s  and p o la r  compounds, no t examined in  
t h i s  phase o f th e  p r o je c t ,  from th e  d e s ire d  a ro m a tic s . The arom atic 
f r a c t io n  was c o l le c te d ,  reduced to  0 .2  ml as p re v io u s ly  d e sc r ib e d , 
d i lu te d  to  0 .5  ml w ith  to lu en e  and blown down w ith  n itro g e n  to  0 .2  m l.
The sample was then  ready  fo r  in je c t io n  onto  a V arian 2700 gas 
chrom atograph (GC). These GC con ta ined  in je c t io n  p o r t  s p l i t t e r s  and 
were m odified  to  accep t g la s s  c a p i l la r y  colum ns. The columns were 
c o n s tru c te d  a t  VIMS and coa ted  w ith  SE 52 s ta t io n a r y  phase accord ing  
to  th e  p rocedures o u tl in e d  by Grob (1979) and Grob e t  a l . (1982). 
D e te c tio n  was by flam e io n iz a tio n  (F ID ). D e tec to r  tem pera tu re  was 
280°C and th e  in je c t io n  p o r t  was m ain tained  a t  275°C. C h lo rin a ted  
compounds were a lso  q u a n ti ta te d  by FID a f t e r  id e n t i f i c a t i o n  by GC/MS. 
A lthough no t as s e n s i t iv e  as e le c tro n  c a p tu re  d e te c t io n ,  i t  was 
p o s s ib le  to  d e te c t  se v e ra l PCB isom ers and m e ta b o li te s  o f DDT.
Response o f th e  d e te c to r  to  th e se  compounds i6  a fu n c tio n  o f  the  
deg ree  and p a t te rn  o f c h lo r in a t io n .  R eported response  f a c to r s  o f the  
p o l lu ta n t s  d e te c te d  v a r ie d  bu t g e n e ra lly  were 0 .5  o r more, r e l a t iv e  to  
th e  response  e x h ib ite d  by b ipheny l (H utzinger e t  a l . .  1974; Onuska and 
Comba, 1980). C a r r ie r  gas was helium , d e te c to r  ga6es were hydrogen 
and a i r .  Chromatographs were equipped w ith  septum purges and makeup 
gas c a p a b i l i ty .  A ll gases employed were h igh  p u r i t y .  Flows v a rie d  
depending on th e  column and GC used and were a d ju s te d  fo r  optimum 
re sp o n se .
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F igure  3 . HPLC p ro g ra m s  u t i l i z e d  f o r  t h e  s e p a r a t i o n  o f  
l i p o p h i l i c  p o l l u t a n t s  from  p o la r  b io g en ic  compounds 
(A ), and fo r  th e  id e n t i f i c a t i o n  o f  ra d io la b e le d  B (a)P  
m e ta b o lite s  (B ).
HIGH PERFORMANCE LI POI D CHROMATOGRAPHY 
E m p l o y i n g  a What man  P a r t i s i l - 1 0  PAC Hagnum 9
A)PR0GRAM USED IN THE ANALYSIS OF FIELD SAMPLES FOR TOP.
S o l v e n t  A,  n - H e x a n e  S o l v e n t  B ,  I s o p r o p a n o l
F l o w  R a t e  
I n i t i a l l y :  
1 . S m l / m i n
T i m e  
( m i n . )
.............
11 13
4 . 0 m l / m i n \
I \  1 . 5 m l / m i n
36 37
So 1v e n t  
Compos  i t  i o n  




35 36T i me  
( m i n . )
B)PROGRAM USED FOR THE ANALYSIS OF B ( a ) P  METABOLITES
S o l v e n t s :  A ,  n - H e x a n e  B,  5 0 / 5 0  ( v / v )  i s o p r o p a n o l / m e t h a n o l
F l o w  r a t e :
I n i t  i a 1 l y  
1 . 5 m l / m i n
T ime 
( m i n . )
I
Ji 0 1
4 m 1/m i n
1 . 5 m l / m i n
4 m 1/ m i n
u/ 1  i \
18 20  30  31
0 ZB
1 . 5 m l / m i n
So 1 v e n t  
Compos  i t  i o n : 
I n  i t  i a 1 l y  
0 ZB




1 0 0  ZB
- ^ T r v
19 22  3 0  31
0 ZB
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A ll in je c t io n s  employed th e  ho t n eed le  tech n iq u e  d esc rib e d  by 
Grob and Rennhardt (1980) and were in je c te d  in  th e  s p l i t l e s s  mode.
The s p l i t t e r  was opened a f t e r  th e  so lv e n t f ro n t  passed  through th e  
column, f lu sh in g  th e  in je c t io n  p o r t .  Column oven tem peratu re  
programming was employed ex tending  from 75°C to  280°C a t  6°C/m in.
I n i t i a l  i d e n t i f i c a t i o n  o f compounds in  s e le c te d  samples was 
accom plished w ith  th e  use  o f  a V arian 2700 GC, w ith  a c a p i l la r y  
column, coupled to  a Dupont Model 21-492B mass spec trom eter and 21- 
094B Data System. The tem peratu re  program d esc rib e d  above was 
employed fo r  th e  GC/MS ru n s . E lec tro n  impact (70 e le c tro n  v o l t s )  was 
th e  chosen method o f  frag m e n ta tio n . A re c o n s tru c te d  ion chromatogram 
o f a sample i s  Bhown in  F igu re  4 .
Samples were chosen fo r  GC/MS c h a ra c te r iz a t io n  based on th e i r  
com plex ity , and inc luded  two from b o th  th e  lower and upper James R iver 
and one from bo th  th e  Rappahannock R iver and Focomoke Sound s i t e s .  
Arom atic r e te n t io n  in d ic e s  (ARI) fo r  th e  compounds in  th e  GC/MS runs 
were ass ig n ed  based on th e i r  r e te n t io n  tim e in  r e l a t io n  to  those  o f 
th e  S8 s tan d ard  components (B ie r i  e t  a l . .  1980). The in d ic e s  were 
used to  id e n t i f y  th e  compounds in  th e  rem aining sam ples, which were 
c o in je c te d  w ith  S8 s tandard  and 1 , l '- b in a p h th y l  fo r  q u a n t i ta t io n .
D ata from th e  GC were recorded  on a Houston In stru m en ts  s t r i p  re c o rd e r  
as w ell as d ig i t iz e d  by A/D c o n v e rte rs  and fed to  a HP 3354B d a ta  
system  fo r  d a ta  re d u c tio n  and p re s e n ta t io n .
S t a t i s t i c a l  an a ly se s  were conducted on a Prime 850 computer 
u t i l i z i n g  so ftw are  programs from th e  S t a t i s t i c a l  Package fo r  the  
S o c ia l Sciences ,  Second E d it io n , (N ie e t _ a l . ,  1975).
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F ig u re  4 . R e c o n s tru c te d  io n  ch rom atog ram  o f  a h ep a to p an creas  
sample from a d u l t  fem a le  b lu e  c r a b s  from  th e  u p p e r 
Jam es R iv e r .  Sam ple was c le a n e d  up as d e sc rib e d  in  
th e  te x t  p r io r  to  in je c t io n  in to  th e  GC/MS.
7 TtrT^iY>TTff^ T ^ >T^
sa tea isa see ssa
Tin ^ ^ T ^ T r ^ T nr,pp T ^ ,,T^ r p p ,i,i T r ^ T fB^ , T > i • r j i
2 SO sea asa 4«a 4se * T * T 1see
saa ssa 6ea 65a
asa
B. RESULTS
As noted  in  th e  methods s e c t io n ,  sponge c rab s  were to  be 
c o l le c te d  from four lo c a tio n s :  an upper James R iv e r , lover James 
R iv e r, Rappahannock R iver and a Pocomoke Sound s i t e .  U nfo rtu n a te ly  
a d u lt fem ales w ith  ex truded  eggs were im possib le  to  o b ta in  a t  a l l  th e  
re q u ire d  s ta t io n s  and d a te s .  I n s u f f ic ie n t  numbers p rec lu d e  d e ta i le d  
s t a t i s t i c a l  a n a ly s is  o f  th i s  group although  tre n d s  a re  n o te d .
Table 1 p re se n ts  th e  compounds id e n t i f i e d  in  th e  samples s e le c te d  
fo r  GC/MS c h a r a c te r iz a t io n .  E igh ty  two compounds were id e n t i f i e d  from 
th e  mass s p e c tra  ( t h i s  f ig u re  in c lu d es  iso m e rs) . E igh t more were 
c h a ra c te r iz e d  by th e i r  m olecu lar w eight and a lk y la t io n  s t ru c tu re  bu t 
were no t p o s i t iv e ly  id e n t i f i e d .  Twenty n in e  compounds in  th e  ta b le  
could  not be id e n t i f ie d  by th e i r  mass s p e c tra  bu t appear to  be o f 
p o s s ib le  an thropogenic o r ig in .  A d d itio n a lly , two c h lo r in a te d  
compounds were observed which could no t be id e n t i f i e d .  Numerous 
b io g en ic  compounds were s t i l l  p re se n t in  th e  p u r i f ie d  e x tra c ts  b u t 
th e se  were no t o f in t e r e s t  in  th i s  r e s e a rc h .
Compounds id e n t i f ie d  were grouped in to  c a te g o r ie s ,  based on
p robab le  source and chem ical c h a r a c t e r i s t i c s ,  fo r  s t a t i s t i c a l
a n a ly s is .  A lkyl s u b s t i tu te d  p o ly n u c lea r arom atic  hydrocarbons
(ASPAH), most l ik e ly  o f  a petro leum  d eriv e d  o r ig in ,  were summed in  one
such g roup. Only th o se  compounds p o s i t iv e ly  id e n t i f ie d  and p re se n t in
q u a n t i t ie s  exceeding 5 ug kg * were inc luded  in  th i s  sum. R e su lts  o f
th i s  a re  shown in  T able 2 . Another group co n ta in ed  th e
p o ly c h lo r in a te d  b ip h e n y ls . The n o n su b s titu te d  p o ly n u c lea r arom atic
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TABLE 2
L e v e ls  o f  a l k y l a t e d  p o ly n u c le a r  arom atic hydrocarbons id e n t i f i e d  in  
t i s u e s  from  th e  c r a b s  ex am in e^ . Only th o s e  compounds p r e s e n t  in  
am ounts g r e a t e r  th a n  5 ug kg a r e  in c lu d e d  in  t h i s  t o t a l .  Those 
sam ples^con tain ing  no id e n t i f i a b le  compounds in  q u a n t i t ie s  exceeding 5 
ug kg a r e  d e n o te d  a s  h a v in g  'T r a c e '  l e v e l s .  N/A: Sam ple n o t 









June A dult Female H epatopancreas 524
Muscle 5
Ovary 71
(Sponge) Yellow Sponge 188
(Sponge) Brown Sponge 435
(Sponge) Black Sponge 18
(Sponge) H epatopancreas 465
(Sponge) Muscle 8
(Sponge) Ovary Trace
A dult Male H epatopancreas 231
Muscle T race
Ju v e n ile  Female H epatopancreas Trace
Muscle 17
Ju v e n ile  Male H epatopancreas 144
Muscle 104
Ju ly A dult Male H epatopancreas 167
Muscle 61
August H epatopancreas 721
Muscle 45
September A dult Female H epatopancreas 382
Muscle Trace
Ovary 244
A dult Male H epatopancreas 28
Muscle 50
Ju v e n ile  Female H epatopancreas N/A
Muscle N/A
Ju v e n ile  Male H epatopancreas 394
Musele 450
October A dult Male H epatopancreas 292
Muscle Lost
November H epatopancreas 399
Muscle T race
June A dult Female H epatopancreas 1052
Muscle 273
Ovary 515
A dult Male H epatopancreas 74
Muscle 88
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Ju v e n ile  Female 
Ju v e n ile  Male 
September A dult Female
A dult Male 
Ju v e n ile  Female 
Ju v en ile  Male
Pocomoke Sound June A dult Female
A dult Male 
Ju v e n ile  Female 
Ju v en ile  Male 






Ju v e n ile  Female
Ju v e n ile  Male
Rappahannock June A dult Female
A dult Male 
Ju v e n ile  Female 
Ju v e n ile  Male 
September A dult Female
A dult Male 
Ju v e n ile  Female 























































c o n c e n tra tio n s  and v ere  t r e a te d  s e p a ra te ly .  U nresolved envelopes o r 
complexes (UCH) v e re  p re se n t in  many o f th e  sam ples. These c o n s is t  o f 
la rg e  numbers o f  ch rom atog raph ica lly  in d is t in g u is h a b le  isom ers, 
p o s s ib ly  petro leum  d e r iv e d . The a re a s  o f  th e se  v e re  es tim a ted  by 
u t i l i z i n g  a BASIC computer program (UCH26, C. Smith) v h ich  c a lc u la te d  
th e  s iz e  o f  th e  envelope r e l a t i v e  to  th e  reso lv ed  peaks above i t .  The 
t o t a l  q u a n t i t ie s  o f th e  l a t t e r  v e re  subsequen tly  c a lc u la te d  and th e  
UCM a re a  determ ined .
Four-vay a n a ly s is  o f v a r ia n c e  (4x4x2x2) was run  v i t h  th e  le v e l o f 
ASPAH as th e  dependent v a r ia b le .  Independent v a r ia b le s  used v ere  
sam pling s i t e ;  month o f sam pling (June o r Septem ber); t i s s u e  type 
(hepatopancreas o r muscle o n ly , s in c e  th e se  v e re  p re s e n t in  a l l  
s e x /m a tu r ity  g ro u p s); and th e  se x /m a tu r ity  o f th e  c rab s  sam pled.
Due to  th re e  empty c e l l s  in  th e  m a trix  on ly  two-way in te ra c t io n s  
and main e f f e c t s  v ere  a s se s se d .
Examining Table 3 only  th e  m onth-organ in te r a c t io n  wa6 found 
s ig n i f i c a n t  a t  th e  0 .05  a lp h a  le v e l .  When c e l l  t o t a l s  fo r  th i s  
in te r a c t io n  were c a lc u la te d ,  i t  was obvious th a t  th e  le v e l  o f a lk y l 
s u b s t i tu te d  a rom atics  id e n t i f i e d  in  th e  hepatopancreas were lo v e r in  
September than  th o se  observed in  June . However, v a lu es  in  th e  muscle 
t i s s u e  were n e a r ly  double in  September v e rsu s  June . The in te r a c t io n  
between sex /m a tu rity -o rg a n  possessed  a F s ig n if ic a n c e  o f  0 .0 6 . The 
r a t i o  o f q u a n t i t i e s  o f  s u b s t i tu te d  arom atic  hydrocarbons in  
hepatopancreas to  th a t  in  m uscle was 92 in  a d u lt  fem ales , compared to  
3 in  ju v e n ile  males and 1 .4  in  a d u lt  males and ju v e n ile  fem a les . T his 
re p re se n te d  an in te r a c t io n  o f degree r a th e r  th an  d i r e c t io n ,  as in  th e  
p rev io u s  c a se .
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TABLE 3
R e s u l t s  o f  th e  F ou r-H ay  A n a ly s is  o f  V a r ia n c e  (4x4x2x2) w ith  th e  
c o n c e n tra tio n  o f  a lk y l  s u b s t i tu te d  a rom atic  h y d ro ca rb o n s  d e te c te d  in  
th e  b lu e  c r a b s  sam pled  as th e  dependent v a r ia b le .  The second column 
8hows th e  r e s u l t s  when th e  d a ta  were a d ju s te d  fo r  two ex trem e  v a lu e s  
by s u b s t i tu t in g  th e  medians o f  c o n c e n tra tio n  v a lu es  measured fo r  c rab s  
a t  th e  same s i t e  and in  th e  same t i s s u e  (g ro u p s  in v o lv e d :  a d u l t  
fe m a le s  from  th e  u p p e r  Jam es and ju v e n i l e  m a les  from  th e  Pocomoke 
Sound sampled in  J u n e ) .
ANALYSIS OF VARIANCE
ALKYL SUBSTITUTED AROMATIC HYDROCARBON CONCENTRATION BY 
MONTH (MONTH OF SAMPLING)
SITE (SAMPLING SITE)
SMATUR (SEX/MATURITY CLASSIFICATION)
ORGAN (TISSUE TYPE SAMPLED)
SOURCE OF VARIATION SIGNIFICANCE OF F SIGNIFICANCE OF F 
____________________   (ADJUSTED FOR EXTREMES)
MAIN EFFECTS 0 .02 0 .00
MONTH 0.17 0 .32
SITE 0 .89  0 .27
SMATUR 0.03  * 0 .01  **
ORGAN 0.00 ** 0 .00  **
TWO-WAY INTERACTIONS 0 .08  0 .00
MONTH-SITE 0 .12  0 .0 4  *
M0NTH-SMATUR 0 .09  0 .00  **
MONTH-ORGAN 0.03 * 0 .03  *
SITE-SMATUR 0.33 0.21
SITE-ORGAN 0.87 0.81
SMATUR-ORGAN 0.06  0 .00  **
EXPLAINED 0.03  0 .00
DUE TO EMPTY CELLS HIGHER ORDER INTERACTIONS WERE SUPPRESSED.
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The main e f f e c t  o f t i s s u e  type was found to  be h ig h ly  s ig n if ic a n t  
(0 .0 0 ) by ANOVA. D ev ia tio n s  from th e  grand mean, i . e ,  th e  mean 
c a lc u la te d  from a l l  in d iv id u a l c e l l  v a lu e s , a re  shown in  T able 4 . 
H epatopancreas burdens were h ig h e r than th a t  o f  m uscle . Chromatograms 
o f th e  'c le a n e d  u p ' e x t r a c ts  of hepatopancreas and m uscle , from a 
group o f  ju v e n ile  male crabs from th e  Focomoke Sound, a re  shown in  
F ig u res  5 and 6 , r e s p e c t iv e ly .  H igher le v e ls  o f a rom atics  a re  obvious 
in  th e  form er t i s s u e .
The se x /m a tu rity  c la s s  e f f e c t  on th e  le v e l  o f ASPAH o f th e  c rabs 
e x h ib ite d  an F s ig n if ic a n c e  o f 0 .0 3 . A dult fem ale and ju v e n ile  males 
p ossessed  much h igher amounts o f re so lv ed  a lk y l s u b s t i tu te d  arom atics 
than  a d u lt  males and ju v e n ile  fem ales.
N e ith e r s i t e  nor month o f  sampling e x e rte d  a s tro n g  e f f e c t  on th e  
le v e ls  o f th e  above mentioned compounds. A dult males sampled in  J u ly , 
A ugust, O ctober and November from th e  lower James were no t inc luded  in  
th e  ANOVA s in c e  th e  o th e r  se x /m a tu rity  groups were n o t p re s e n t fo r  
th e se  m onths; in c lu s io n  would r e s u l t  in  an incom plete m a tr ix .
However, le v e ls  appeared h ig h e r than  in  c rab s  from th e  o th e r  s i t e s  in  
e i th e r  June o r Septem ber.
When th e  d a ta  o f Table 2 were examined c lo s e ly  i t  was observed 
th a t  two extrem e v a lu es  were p re se n t ( fo r  th e  upper James a d u lt  
fem ales and th e  Focomoke Sound ju v e n ile  males sampled in  J u n e ) . The 
e f f e c t s  o f th e se  v a lu es  were assessed  by re p la c in g  them w ith  th e  
medians o f  th e i r  r e s p e c t iv e  s ta t io n  and organ ty p e . The d a ta  were 
then  re-exam ined , th e  r e s u l t s  o f which a re  shown in  th e  same ta b le s  as 
th e  o r ig in a l  a n a ly se s .
TABLE 4
R e s u l t s  o f  th e  M u ltip le  C la s s i f ic a t io n  A naly sis  o f  th e  co n ce n tra tio n s  
o f a l k y l  s u b s t i t u t e d  a ro m a tic  h y d ro c a rb o n s  d e te c te d  in  th e  c ra b s  
sam p led . The d e v i a t i o n s  from  th e  g ra n d  mean have been ad ju sted  to  
com pensa te  f o r  th e  e f f e c t s  th e  in d e p e n d e n t v a r i a b l e s  n o t  u n d e r  
c o n s id e r a t io n  e x e r t  on th e  means o f th e  g ro u p s. The second column o f 
d e v i a t i o n s  h a v e  b e e n  a d j u s t e d  f o r  tw o e x t r e m e  c o n c e n t r a t i o n  
d e t e r m in a t io n s ,  from  th e  u p p e r  Jam es and th e  Focomoke Sound (a d u lt  
fem a le  and ju v e n i l e  m ale g ro u p s  r e s p e c t i v e l y ,  sam pled  in  J u n e ) .  
Median c o n c e n tra tio n  v a lu es  o b ta in ed  from s im ila r  t i s s u e  and s i t e  v ere  
s u b s t i tu te d .
MULTIPLE CLASSIFICATION ANALYSIS
AUCYL SUBSTITUTED AROMATIC HYDROCARBON CONCENTRATION BY 
MONTH (MONTH OF SAMPLING)
SITE (SAMPLING LOCATION)




VARIABLE AND CATEGORY N DEVIATION DEVIATION FROM
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31 31 .5  15.5
28 -3 4 .9  -1 7 .2
16 2 .7  -4 2 .0
13 -5 .9  9 .8
16 -2 2 .9  -8 .2
14 28.6 48.3
14 77.2 91.7
15 -6 7 .5  -5 1 .8
16 74.5  29 .8
14 -9 0 .0  -7 0 .3
28 76.3 60 .5
31 -6 8 .9  -5 4 .6
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Figure 5 C hrom atogram  (FID d e te c tio n )  o f th e  arom atic  f r a c t io n  
o f  a hepatopancreas e x t ra c t  from ju v e n i l e  m ale c r a b s  




Figure 6 Chrom atogram  (FID d e te c tio n )  o f th e  arom atic f r a c t io n  
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The M u ltip le  C la s s i f ic a t io n  A na ly sis  (MCA) r e s u l t s  o f the 
a d ju s te d  d a ta  were g e n e ra lly  s im i la r .  However, th e  o u tly in g  value  
d e te c te d  a t  th e  Pocomoke Sound s ta t io n  c o n tr ib u te d  s u b s ta n t ia l ly  to  
th i s  s i t e  t o t a l .  S u b s ti tu t io n  o f th e  median v a lu e  g r e a t ly  reduced the  
mean, making i t  th e  low est s i t e  in  reg a rd s  to  ASPAH le v e ls .  The F 
p ro b a b i l i ty  o f  th e  n u l l  h y p o th esis  o f no s ig n i f i c a n t  s i t e  e f f e c ts  was 
0 .2 7 . An a l t e r a t io n  in  th e  means was a lso  observed fo r  th e  
se x /m a tu rity  c l a s s i f i c a t i o n .  The mean t o t a l  fo r  th e  ju v e n ile  male 
group was g r e a t ly  lowered by th e  s u b s t i tu t io n .  T his decreased  th e  F 
s ig n if ic a n c e  fo r  th e  main e f f e c t  o f th e  sex and m a tu r ity  o f th e  crab 
on ASPAH le v e ls  to  0 .0 1 . Three o f  th e  changes in  th e  in te ra c t io n s  
were o f i n t e r e s t .  The m o n th -sex /m atu rity  in te r a c t io n  F s ig n if ic a n c e  
decreased  to  0 .0 0 . C e ll t o t a l s  showed h ig h e r v a lu es  in  September than  
in  June fo r  th e  ju v e n ile  c ra b s , su g g es tin g  th a t  growth p ro cesses  might 
r e s u l t  in  accum ulations o f  ASPAH in  th e se  c ra b s .  The site -m on th  
in te r a c t io n  F s ig n if ic a n c e  decreased  to  0 .0 4 . C e ll t o t a l s  showed 
h igher le v e ls  p re se n t in  Ju n e , fo r  th e  upper James and th e  Pocomoke 
Sound s i t e s ,  than  Septem ber. The converse was tru e  fo r  th e  lower 
James and th e  Rappahannock s t a t i o n s .  The f i n a l  obvious change in  th e  
F s ig n if ic a n c e s  was observed fo r  th e  se x /m a tu rity -o rg a n  in te r a c t io n ;  
i t  decreased  to  0 .0 0 . R a tio s  o f  c o n c e n tra tio n s  between hepatopancreas 
and m uscle ranged from approx im ately  one in  th e  upper James to  more 
than  fou r a t  th e  Pocomoke Sound and Rappahannock s t a t io n s .
Sample s iz e  in  p o l lu ta n t  s tu d ie s  g e n e ra lly  a re  sm all due to  the  
lab o rio u s  and expensive tech n iq u es  in v o lv ed . T h e re fo re , they  are  
v u ln e ra b le  to  th e  e f f e c t s  o f  extrem e v a lu e s .  N onparam etric 
s t a t i s t i c s ,  r a th e r  than  p a ram e tric  one6, such as ANOVA, a re  not as
su b je c t to  th e  problem s p resen ted  by such v a lu e s .  Normally more 
in fo rm atio n  may be ob ta in ed  by employing th e  l a t t e r .  However, ca re  
must be e x e rc ise d  in  examining th e  d a ta  b e fo re  making co n c lu s io n s .
S ince o v a rie s  were only  a v a i la b le  in  th e  a d u lt fem ale group they  
were considered  s e p a ra te ly .  D iffe ren ce s  in  le v e ls  o f  s u b s t i tu te d  
arom atics in  m uscle , hepatopancreas and ovary fo r  a d u lt  fem ales 
w ithou t ex truded  eggs were examined by One-Way A nalysis  o f  V ariance 
and were found to  be s ig n i f i c a n t .  Ovary v a lu es  were in te rm ed ia te  
between th e  hepatopancreas and th e  lower m uscle bu rdens; however, 
employing D uncan 's M u ltip le  Range T est (DMRT) ovary was no t judged to  
d i f f e r  from e i th e r  in  reg a rd s  to  a lk y l  s u b s t i tu te d  arom atic  
hydrocarbon c o n c e n tra tio n  a t  th e  0 .0 5  le v e l  o f  s ig n if ic a n c e  (m uscle 
and hepatopancreas were d ec la red  s ig n i f i c a n t ly  d i f f e r e n t ) .
D iffe ren ce s  in  le v e ls  o f a lk y l s u b s t i tu te d  p o ly n u c lea r arom atics 
in  m uscle and hepatopancreas between a d u lt fem ales w ithou t and w ith  
egg masses were no t s t a t i s t i c a l l y  examined due to  th e  low sample s iz e  
o f th e  l a t t e r ;  however, by in sp e c tio n  they  appeared s im i la r .  Ovary 
burdens in  th e  l a t t e r  group were much low er. L evels in  th e  egg mass 
them selves su rpassed  m uscle and ovary  v a lu es  bu t no t hepa to p an creas.
P o ly c h lo r in a te d  b ip h en y ls  were a lso  examined by Four-Way A n aly sis  
o f V ariance (4x4x2x2). No in te r a c t io n s  were found s ig n if ic a n t  a t  th e  
0 .05  le v e l ,  a lth o u g h  th e  m o n th -sex /m a tu rity , m onth-organ and 
se x /m a tu rity -o rg a n  in te r a c t io n s  e x h ib ite d  F s ig n if ic a n c e s  o f le s s  than  
0 .0 9 , as shown in  T ab le 5 . The p a t te rn  fo r  th e  month-organ 
in te r a c t io n  was s im i la r  to  th a t  observed w ith  th e  ASPAH.
Organ type was th e  only  main e f f e c t  judged to  be s ig n i f ic a n t  fo r 
th e  p o ly c h lo r in a te d  b ip h en y ls  ( 0 .0 0 ) .  As in  th e  case  o f th e
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TABLE 5
R e s u l t s  o f  th e  Four-W ay A n a ly s is  o f  V a r ia n c e  (4x4x2x2) w ith  th e  
c o n c e n t r a t io n  o f  p o ly c h lo r in a t e d  b ip h e n y ls  d e t e c te d  in  th e  c r a b s  
sam pled a s  th e  d ep e n d e n t v a r i a b l e .  Only o rg an  ty p e  was d e c la re d  
s ig n i f ic a n t  a t  th e  0 .05  le v e l .
ANALYSIS OF VARIANCE
POLYCHLORINATED BIPHENYL CONCENTRATION BY 
MONTH (MONTH OF SAMPLING)
SITE (SAMPLING SITE)
SMATUR (SEX/MATURITY CLASSIFICATION)
ORGAN (TISSUE TYPE SAMPLED)





ORGAN 0.00  **
TWO-WAY INTERACTIONS 0.16






EXPLAINED 0 .0 4
DUE TO EMPTY CELLS HIGHER ORDER INTERACTIONS WERE SUPPRESSED.
s u b s t i tu te d  a ro m a tic s , hepatopancreas co n ta in ed  much h igher 
c o n c e n tra tio n s  o f  PCB th an  m uscle t i s s u e ,  as shown in  Table 6 .  A lso , 
p o ly c h lo r in a te d  b ip h en y ls  were p re se n t a t  h ig h e r le v e ls  in  June than  
in  Septem ber, b u t no t s i g n i f i c a n t ly .  The e f f e c t  o f sampling s i t e  on 
PCB c o n c e n tra tio n  in  b lu e  c rabs was s tro n g  compared to  ASPAH 
( p r o b a b i l i ty  o f  th e  n u l l  h y p o th esis  0 .10  and 0 .8 9 , r e s p e c t iv e ly ) .  
Exam ination o f  th e  d e v ia tio n s  from th e  grand mean show th a t  c rabs from 
th e  upper James R iver s i t e  con ta ined  s im ila r  PCB co n c e n tra tio n s  to  th e  
lower Jam es. Crabs from th e  Rappahannock R iver and Pocomoke Sound 
s ta t io n s  had lower le v e l s .  The o rd e r o f th e  se x /m a tu rity  groups in  
reg a rd s  to  PCB burdens was th e  same as th a t  observed fo r  the  
s u b s t i tu te d  a ro m a tic s , except th a t  le v e ls  in  ju v e n ile  males were much 
lower than  from th o se  in  a d u lt  fem ales .
The r e s u l t s  o f th e  s t a t i s t i c a l  a n a ly s is  o f PCB le v e ls  in  the  
o v a r ie s  o f  fem ales w ithou t ex truded  eggs were e s s e n t i a l ly  th e  same as 
th o se  d esc rib ed  fo r  th e  a lk y l s u b s t i tu te d  hydrocarbons. Ovary burdens 
h ig h e r than  m uscle bu t lower th an  th o se  in  hepatopancreas were found. 
DMRT d id  no t d e c la re  th e  c o n c e n tra tio n  o f PCB in  ovary to  be 
s ig n i f i c a n t ly  d i f f e r e n t  from e i th e r  t i s s u e  a t  th e  0 .0 5  le v e l .
S im ila r ly ,  PCB in  th e  a d u lt fem ales w ith  ex truded  eggs showed 
m uscle and hepatopancreas c o n c e n tra tio n s  com parable w ith  those  in  
unladen  c ra b s .  L evels in  th e  o v a rie s  o f th e  form er group were lower 
than  th o se  o f th e i r  nonsponge p o sse ss in g  c o m p a tr ia te s . PCB co n ten t o f 
th e  sponge i t s e l f  was h ig h e r than  c o n c e n tra tio n s  in  m uscle and ovary 
bu t lower than  h ep a to p an crea s , as wa6 th e  case  w ith  th e  a lk y l 
s u b s t i tu te d  a ro m a tic s .
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TABLE 6
R e s u l t s  o f  th e  M u ltip le  C la s s i f i c a t io n  A na ly sis  o f th e  c o n c e n tra tio n s  
o f  p o ly c h lo r in a te d  b ipheny ls  p re se n t in  th e  c rab s  sam pled. D ev ia tio n s  
from th e  grand mean fo r  each c l a s s i f i c a t i o n  have been ad ju s ted  fo r  th e  
e f f e c t s  o f  th e  independent v a r ia b le s  no t under c o n s id e ra tio n .
MPLTIPLE CLASSIFICATION ANALYSIS
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As m entioned , r e l a t i v e ly  low le v e ls  o f n o n su b s titu te d  arom atics 
were d e te c te d  in  th e  sam ples. Compounds id e n t i f ie d  inc luded : 
ben zo (a )p y ren e , b enzo (e )py rene , acenaphthene, f lu o re n e , f lu o ran th en e , 
p h en an th ren e , p e ry le n e  and py ren e . H e te ro su b s titu te d  compounds were 
observed , such a s : d ib en zo fu ran , d ibenzo th iophene, benzaldehyde, 
b e n z o th ia z o le , c i s  and tran s-4 -p h en y l-3 -b u ten e -2 -o n e  and 1 ,1 '-  
bipheny1-2-am ine. By in sp e c tio n  i t  was apparen t th a t  th e  
co n c e n tra tio n s  o f th e se  compounds in  th e  hepatopancreas were h igher 
than  th o se  in  m uscle t i s s u e .  G rea te r amounts were found in  September 
than  in  June . H ighest le v e ls  were observed in  samples taken  from the 
lower Jam es, w h ile  low est were seen a t  th e  Focomoke and Rappahannock 
R iver s i t e s .  F in a l ly ,  a d u lt males had th e  h ig h e s t amounts o f th e se  
compounds and ju v e n ile  fem ales th e  l e a s t .  An MCA summary is  shown in  
Table 7 .
Unresolved complexes (UCM) were evident in  many o f the samples. 
Areas o f  these are presented in Table 8 , along with other pertinent 
data . UCM were more numerous in  June than September, the lower JameB 
than elsew here, and in adult fem ales and ju v en ile  m ales. They were 
found in 41% o f the hepatopancreas and 19% of the muscle t is su e  
sam ples.
Low le v e ls  o f  DDD, DUE and two u n id e n tif ie d  c h lo r in a te d  compounds 
were d e te c te d .  T h e ir occu rrence and c o n c e n tra tio n s  a re  shown in  Table 
9 along w ith  th e  d a ta  on th e  p o ly c h lo r in a te d  b ip h e n y ls . In  a d d i tio n , 
p h th a la te s  were d e te c te d  in  some o f th e  c rab s  sam pled. Due to  th e i r  
u b iq u ito u s  p resen ce  in  th e  environm ent (M usial e t _ a l . , 1981; R u sse ll 
and M cDuffie, 1983), and thus th e  p o s s i b i l i t y  o f sample con tam ina tion , 
th ey  were no t examined in  d e t a i l .
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TABLE 7
R e s u l t s  o f  th e  M u ltip le  C la s s i f ic a t io n  A naly sis  o f th e  c o n c e n tra tio n s  
o f  n o n s u b s t i t u t e d  a r o m a t i c  h y d r o c a r b o n s  p r e s e n t  in  t h e  c r a b s  
s a m p le d . The d e v i a t io n s  have b een  a d ju s te d  to  com pensate fo r  th e  
e f f e c t s  o f  th e  independent v a r ia b le s  not under c o n s id e ra tio n .
MULTIPLE CLASSIFICATION ANALYSIS
NONSUBSTITUTED AROMATIC HYDROCARBON CONCENTRATION BY 
MONTH (MONTH OF SAMPLING)
SITE (SAMPLING LOCATION)




VARIABLE AND CATEGORY N DEVIATION FROM
________     GRAND MEAN
MONTH
JUNE 31 -6 .1
SEPTEMBER 28 6 .7
SITE
POCOMOKE SOUND 16 -5 .3
UPPER RAPPAHANNOCK 13 -5 .8
UPPER JAMES 16 -1 .9
LOWER JAMES 14 13.6
SMATUR
ADULT FEMALE 14 0 .3
ADULT MALE 15 5.2
JUVENILE MALE 16 0 .9
JUVENILE FEMALE 14 -6 .9
ORGAN
HEPATOPANCREAS 28 7 .9
MUSCLE 31 -7 .2
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TABLE 8
E s tim a te d  a r e a s  o f  th e  u n re s o lv e d  e n v e lo p e ^  p r e s e n t  in  th e  c rab s  
sam pled. Values g iven  a re  expressed  in  ug kg . Envelopes v e re  m ost 
common in  th e  hepatopancreas o f c rab s  tak en  from th e  James R iv e r.
COLLECTION
SITE





Lover James June A dult Female H epatopancreas 4850
(Sponge) Y ellov  Sponge 6010
(Sponge) Brovn Sponge 1390
(Sponge) H epatopancreas 5000
Ju v e n ile  Male H epatopancreas 1130
Muscle 1170
Ju ly  A dult Male H epatopancreas 3510
August A dult Male H epatopancreas 9130
September A dult Female H epatopancreas 4880
J u v e n ile  Male H epatopancreas 7470
Muscle 7360
O ctober A dult Male H epatopancreas 3060
Upper James June A dult Female H epatopancreas 5600
Muscle 2300
A dult Male H epatopancreas 1840
Muscle 2260
Pocomoke Sound June A dult Female Ovary 3600
Ju v e n ile  Female Muscle 880
Ju v e n ile  Male H epatopancreas 9820
Muscle 2020
September Ju v e n ile  Male H epatopancreas 440
Rappahannock June Ju v e n ile  Male H epatopancreas 4080
September Ju v e n ile  Female Muscle 720
Ju v e n ile  Male H epatopancreas 920
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TABLE 9
L e v e ls  o f  DDD, DDE, PCB and two u n i d e n t i f i e d  c h lo r in a te d  compounds 
found in  t i s s u e  samples from  b lu e  c r a b ^ .  Compounds d e t e c t a b l e  b u t 
p r e s e n t  a t  l e v e l s  l e s s  th a n  5 ug kg a re  shown as 'T ra c e ' amounts. 
The symbol '+ '  s ig n i f i e s  th a t  a d d i t io n a l  PCB isom ers were d e te c te d  bu t 
a t  c o n c e n t r a t i o n s  below  5 ug kg and were no t included  in  th e  t o t a l  
l i s t e d .
COLLECTION
SITE
DATE SEX/MATURITY OF 
SAMPLE
TISSUE COMPOUND (ug kg” 1) 
TRACE<5.0 ue kg
Lower James June A dult Female H epato. PCB-40+
Ovary PCB-7





C h lo r. cp d .-9
A dult Male H epato. PCB-23
Ju v e n ile  Female H epato. PCB-19
C h lo r. cp d .-T race
Muscle PCB-10+
C h lo r. cp d .-10
Ju v e n ile  Male H epato . PCB-5
Muscle PCB-9
Ju ly A dult Male H epato . PCB-58
Muscle PCB-6
August H epato. PCB-27+
DDD-Trace
C h lo r. c p d .-22
Muscle PCB-31+
September A dult Female H epato. PCB-36
Ovary PCB-12
A dult Male H epato. PCB-31
Muscle PCB-Trace
DDE-7
Ju v e n ile  Male H epato. DDE-Trace
Muscle PCB-45
DDE-Trace
October A dult Male H epato. PCB-44+
November H epato. PCB-29
Muscle PCB-Trace









Ju v e n ile  Female 
Ju v e n ile  Male 
September A dult Female
A dult Male
Ju v e n ile  Female 
Ju v e n ile  Male
June A dult Female
A dult Male
Ju v e n ile  Male
September A dult Female
(Sponge) 
(Sponge) 
Ju v e n ile  Female
Ju v e n ile  Male
June A dult Male
Ju v e n ile  Female 
Ju v e n ile  Male
September A dult Female
A dult Male 
Ju v e n ile  Male
H epato. PCB-27+
Muscle PCB-Trace








C h lo r. cp d .-6
H epato . PCB-23
H epato. PCB-Trace
Muscle DDE-Trace
C h lo r. cpd .-27
H epato. PCB-9
Muscle C h lo r. cpd .-1 4 .5





C h lo r. cpd .-T race
Muscle PCB-Trace









C h lo r. cpd .-1 4 .2
Muscle PCB-Trace
47
The chromatograms o f samples run du ring  th e  e a r ly  phases o f th e  
p ro je c t  e x h ib ite d  s e v e ra l la rg e  p eak s . Three o f  th e se  peaks 
corresponded to  in te r n a l  s tan d ard s  w ith  which th e  samples v ere  sp iked  
to  determ ine p e rce n t re co v e ry . In  a d d i t io n ,  a la rg e  p h th a la te  e s te r  
peak was p re se n t in  some, caused by an im purity  in  th e  septum o f th e  
GC in j e c to r .  T his peak was e lim in a ted  in  l a t e r  work by employing a 
d i f f e r e n t  lo t  o f  se p ta  and baking th e  se p ta  fo r  a longer p e rio d  o f
tim e in  o rd e r  to  d r iv e  o f f  v o l a t i l e  con tam inan ts .
Ext r a c ta b l e  L ip id  and Z Water Data
P ercen t m ethylene c h lo r id e  e x tra c ta b le  l ip id  m a te r ia l  and p e rce n t 
w ater co n ten t o f  th e  t i s s u e s ,  u t i l i z e d  in  th e  r a d io t r a c e r  s tudy  and 
from r e p re s e n ta t iv e  t i s s u e  samples from th e  f ie ld  sam pling , were
d eterm ined . This d a ta  i s  summarized in  T.able 10.
C onsidering  a l l  independent v a r ia b le s  to g e th e r ,  except t i s s u e  
ty p e , i t  was found th a t  m uscle t i s s u e  con ta in ed  s ig n i f i c a n t ly  more 
w ater pe r gram (S ch effe  T e s t ,  0 .05  a lpha  le v e l)  than  hepatopancreas o r 
ovary (T ab le  10A). The w ster co n ten t in  th e  egg mass exceeded th e  
average m uscle t i s s u e  v a lu e . D iffe ren ce s  in  e x tra c ta b le  l ip id  were 
s ig n i f i c a n t  between a l l  organ p a i r s  examined; h ig h e s t in  
h ep a to p an creas, fo llow ed by ovary and m uscle . The egg mass v a lu e  was 
in te rm e d ia te  between hepatopancreas and ovary .
When d if fe re n c e s  in  p e rce n t w ater co n ten t were examined w ith in  
th e  se x /m a tu r ity  g ro u p s , a l l  p e r t in e n t  t i s s u e  type6 e x h ib ite d  
s ig n i f ic a n t  d if fe re n c e s  (T ab le 10B). In  reg a rd s  to  p e rce n t
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TABLE 10
Summary o f  X w ater co n ten t and % m ethylene c h lo r id e  e x tra c ta b le  l ip id  
d a ta  in  th e  c ra b  t i s s u e s  a n a ly z e d .  The r e s u l t s  o f  th e  ANOVA and 
S c h e f fe  a n a ly s e s  f o r  s i g n i f i c a n t  d i f f e r e n c e s  in  th e s e  p a ra m e te rs  
between t i s s u e  types in : (A) a l l  s e x /m a tu r i t y  g ro u p s  to g e th e r ;  and 
(B) w ith in  in d iv id u a l groups a re  p re s e n te d .
A. A ll. Sex/M atur i t y  Groups Cons idered.
X WATER CONTENT 
ORGAN N MEAN STANDARD
DEVIATION
% EXTRACTED LIPID 
N MEAN STANDARD 
DEVIATION
H epatopancreas 76 70 .4  8 .4 56 34.0  11.5
Muscle 25 80 .5  4 .3 26 4 .3  1.6
Ovary 9 66.1 4 .9 7 18.3 5 .9
Egg 1 86 .9  N/A 1 26 .6  N/A
ANOVA F P ro b a b il i ty  (0 .0 0 ) (0 .0 0 )
P a ir s  Found S ig n if ic a n t ly  D if fe re n t
Bv S cheffe  (0 .0 5 ) :
M uscle/Ovary M uscle/Ovary
H epatopancreas/M uscle H epatopancreas/M uscle
H epatopancreas/O vary
B. W ithin In d iv id u a l Groups
A dult Females Only:
ANOVA F P ro b a b il i ty  (0 .0 0 ) (0 .0 0 )
P a ir s  Found S ig n if ic a n t ly
Bv S cheffe  (0 .0 5 ) .  N In  B racke ts:
H epatopancreas [19 ]/O vary[7] H epatopancreas[12]/M uscle[6]
M uscle[6 ] /Ovary H epatopancreas/O vary[5]
H epatopancreas/M uscle
Only H epatopancreas And Muscle Analyzed For The Groups Below
N In  B rackets [H epatopancreas,Muscle]
A dult Males Only:
ANOVA F P ro b a b il i ty  (0 .0 0 ) (0 .0 0 )
[21 ,6 ] [1 3 ,6 ]
Ju v e n ile  Females Only:
ANOVA F P ro b a b il i ty  (0 .0 0 ) (0 .0 0 )
[18 ,6 ] [18 ,6 ]
Ju v e n ile  Males Only:
ANOVA F P ro b a b il i ty  (0 .0 1 ) (0 .0 0 )
[7 ,5 ] [6 ,6 ]
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e x t ra c ta b le  l i p i d s , a l l  p a i r s  were s ig n i f i c a n t ly  d i f f e r e n t ,  except
m uscle and ovary  in  th e  a d u l t  fem ale g roup .
No s ig n i f i c a n t  d if fe re n c e s  in  e i th e r  Z w ater o r Z l ip id  co n ten t 
o f  m uscle t i s s u e  were d e te c te d  by ANOVA between a d u lt  males and a d u lt 
fem ales o r between ju v e n ile  males and fem a les , in  th e  in te rm o It 
c o n d i tio n . The p e rce n t w ater co n ten t in  th e  hepatopancreas o f ad u lt
m ales was s ig n i f i c a n t ly  lower than  th a t  o f  a d u l t  fem ales (F
p ro b a b i l i ty  0 .0 3 ) ;  and m olting  ju v e n ile  fem ales possessed  
s ig n i f i c a n t ly  more w ater in  th e  hepatopancreas th an  nonm olting 
ju v e n ile  males o r fem ales (F p r o b a b i l i ty  0 .0 0 ) .  Muscle samples fo r 
th e  m olting  group were no t examined, bu t i t  was suspected  th a t  they 
possessed  s u b s ta n t i a l ly  g r e a te r  w ater c o n te n t than  th e  in te rm o lt 
ju v e n i le s .
I I I .  UPTAKE, BIOTRANSFORMATION AND ELIMINATION OF TRITIUM LABELED
BENZO(a)PYRENE IN BLUE CRABS
A. METHODS
A dult m ale, a d u lt  fem ale and ju v e n ile  fem ale b lue  crab8 o f 
in te rm o lt c o n d itio n  were o b ta in ed  on th e  VIMS C rustaceo logy  Survey o f 
th e  York R iv e r , V irg in ia ,  in  September 1982. These specimens were 
supplem ented by a d d it io n a l  c rab s  purchased from a lo c a l fisherm an . 
A pproxim ately 100 c rab s  were m ain tained  in  a r e c i r c u la te d  w ater system 
c o n s tru c te d  in  th e  D em onstration B uild ing  a t  VIMS p r io r  to  th e  
commencement o f th e  experim en ts . The system c o n s is te d  o f two 4x8 foo t 
f ib e rg la s s  tanks fo r  ho ld ing  specim ens, a 3x10 fo o t f ib e rg la s s  a lg ae  
tank  w ith  tra n s p a re n t s id e  p o r t s ,  and two c i r c u la r  f ib e rg la s s  tanks 
each c o n ta in in g  a wood f i l t e r  box f i l l e d  w ith  c le a n  o y s te r  s h e l l .  The 
f i l t e r s  were covered w ith  p l a s t i c  screen ing  and f i l t e r  f lo s s  which 
removed la rg e  p a r t i c u la te  m a tte r  from th e  w a te r . The o y s te r  s h e l l  
p rov ided  a la rg e  su rfa c e  a re a  fo r  th e  growth o f b a c te r ia  and o th e r 
organism s and fu n c tio n ed  as a b io lo g ic a l  f i l t e r ,  b reak ing  down w astes 
and o th e r m a te r ia ls .
P r io r  to  th e  commencement o f th e  experim en t, ju v e n ile  fem ale 
c rab s  e x h ib itin g  s ig n s  o f imminent m olting  were ob ta in ed  from a York 
R iver fisherm an . Water was pumped from th e  York R iver to  th e  hold ing  
ta n k s , each c o n ta in in g  approx im ately  208 l i t e r s .  S a l in i ty  was 17+1 
PPT and th e  tem pera tu re  23+l°C .
Water was c i r c u la te d  through a PVC p ro te in  skimmer by a March
Model TE-5C-MD M agnetic D rive C orrosive  S o lu tio n  Pump capab le  o f
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pumping 1010 g a llo n s  p e r h o u r. An id e n t ic a l  pump was used to  
t r a n s p o r t  th e  f i l t e r e d  w ater in  th e  sumps to  th e  a lg ae  ta n k , vhich  
co n ta in ed  numerous g la s s  j a r s .  These j a r s  p rov ided  an a d d itio n a l 
su rfa c e  a re a  fo r  th e  grow th o f a lg ae  which u t i l i z e d  th e  n u tr ie n ts  from 
th e  breakdown o f w astes produced in  th e  system . Water was provided to  
th e  r e s t  o f  th e  system  by g ra v ity  flow . Pump flow s were balanced by 
a d ju s ta b le  v a lv e s .
D uring th e  exposure p e rio d  o f th e  experim ent on ly  one ho ld ing  
tank  was u se d . W ater was re c i r c u la te d  in  th i s  tank  by a s in g le  pump 
and was no t f i l t e r e d .  Supplem ental a e ra tio n  was provided  w ith  a i r  
s to n e s .
The h o ld ing  tank  was sh e lte re d  from d i r e c t  f lu o re s c e n t l ig h t in g  
to  reduce p h o to -o x id a tio n  o f th e  B (a)P . Crabs to  be exposed to  th e  
r a d io la b e le d  arom atic  were moved to  th e  ho ld ing  tank  p r io r  to  
exposu re . P e e le r  c rab s  were sep a ra ted  from in te rm o lt c rab s  by p la c in g  
th e  form er in  a p l a s t i c  cage to  p rev en t can n ib a lism . S ince th e  c rabs 
occupied th e  same tank  th e  se tup  in su red  th a t  a l l  c rab s  used were 
exposed to  th e  same le v e l  o f B (a)P , under id e n t ic a l  c o n d itio n s .
F i f ty  mCi o f  t r i t iu m  lab e led  B(a)P d is so lv e d  in  hexane were 
o b ta in ed  from New England N uclear (B oston , M as6 .). The compound was 
n o n s p e c if ic a l ly  la b e le d  and th e  a c t i v i t y  was 70 .5  Ci/mmol. The 
benzo(a)pyrene was re d is so lv e d  in  10 ml e th an o l c a r r i e r  and mixed w ith  
1000 ml d i s t i l l e d  w ater in  a one l i t e r  f la s k  equipped w ith  a m agnetic 
s t i r r i n g  b a r .  S u f f ic ie n t  ra d io la b e le d  B(a)P waB re le a s e d  in to  th e  
exposure tank  such th a t  a c o n c e n tra tio n  o f  0 .9  ug 1 * would be 
o b ta in ed  under id e a l c o n d it io n s .  Measurement o f  th e  a c t i v i t y  o f th e  
tank  w ater a f t e r  a d d i t io n ,  in  th e  p resen ce  o f th e  c ra b s ,  was found to
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be 199,100 DPM o r approx im ate ly  0 .3  ug 1 * (based  on a counting  
e f f ic ie n c y  o f  19.4% ). T his le v e l  rem ained co n s ta n t through th e  
rem ainder o f  th e  exposure p e r io d .
The lower i n i t i a l  a c t i v i t y  was b e lie v e d  to  be a r e s u l t  o f ,  in  
p a r t ,  th e  a d so rp tio n  o f  th e  B(a)P on th e  f ib e rg la s s  w a lls  o f  th e  
exposure ta n k . G lass a q u a r ia  have been th e  most common en c lo su res  
used in  hydrocarbon ex p erim en ts . However, f ib e r g la s s  tanks have a lso  
been used when la rg e  volumes o f w ater were re q u ire d  (Mac and S eelye , 
1981). S ig n if ic a n t  a d so rp tio n  o f  p o ly n u c lea r arom atic  hydrocarbons on 
g la s s  su rfa c e s  from w ater occurs and i t  i s  expected  th a t  a f ib e rg la s s  
su rfa c e  would be even more prone to  adsorb  due to  i t s  chem ical and 
p h y s ic a l n a tu re .  However, s in c e  i t  was n ece ssa ry  to  o b ta in  id e n t ic a l  
exposure c o n d itio n s  fo r  a l l  groups o f c ra b s ,  th e  tank  was found 
ad eq u a te . Another reason  fo r  th e  lower a c t i v i t y  o f th e  w ater wa6 th e  
removal o f th e  ra d io la b e le d  B(a)P by th e  c rab s  them se lv es , bo th  by 
a c tu a l  up take and by a d so rp tio n  to  th e i r  o u te r  s u r fa c e s .
The exposure p e rio d  la s te d  36 hours a t  which tim e th e  tank  w ater 
was passed  th rough  two a c t iv a te d  ch a rco a l f i l t e r  c a r t r id g e s .  The 
f i l t r a t i o n  lowered th e  a c t i v i t y  o f  th e  w ater s u f f i c i e n t ly  to  allow  
u n r e s t r ic te d  d is p o s a l o f  th e  tank  w ater accord ing  to  NRC req u irem en ts . 
The ho ld ing  a rea  was flu sh ed  w ith  r iv e r  w a te r , to  p rev en t re s id u a l  
ra d io la b e le d  m a te r ia l  from confounding th e  e l im in a tio n  p a t te rn s  o f th e  
c ra b s ,  and r e f i l l e d .  The e n t i r e  r e c i r c u la te d  system  was reassem bled 
and normal f i l t r a t i o n  resum ed. The exposed c rab s  were d is t r ib u te d  
between th e  two ho ld ing  tan k s  and held  fo r  an a d d i t io n a l  10.5 days fo r  
d ep u ra tio n  s tu d ie s .  To reduce th e  re a b s o rp tio n  o f  ra d io la b e le d  B(a)P 
and i t s  m e ta b o lite s  a f t e r  e l im in a tio n  by th e  c rab s  th e  w ater was
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changed a f t e r  th e  f i f t h  day o f  th e  d ep u ra tio n  p e r io d . The a c t iv i t y  o f 
th e  w ater was m onitored d a i ly  and never su rpassed  32 o f  th e  i n i t i a l  
exposure le v e l .
Crabs re c e iv e d  food in  th e  form o f chopped g rey  t r o u t  ( Cvnoscion 
r e e a l i s ) , a ls o  o b ta in ed  from th e  York R iv e r , on Days 5 and 7 .
Three sam ples, c o n s is tin g  o f  two c rab s  each (excep t fo r  th e  
newly m olted g roup , which c o n s is te d  o f  s in g le  c rab s)  from each study 
group were removed a f t e r  24 and 36 hours o f  exposure; and a f te r  60,
156 and 252 hours o f  d e p u ra tio n . H epatopancreases were im m ediately 
removed, p laced  in  f o i l  pans and wet w eights de term ined . This organ 
was chosen s in c e  i t  was found by Lee e t  a l . (1976) to  be th e  major 
s i t e  o f  in -v iv o  x e n o b io tic  m etabolism  and s to ra g e .  Care was taken  to  
remove th e  organ in  i t s  e n t i r e ty .
Samples were fro zen  and f re e z e -d r ie d  w ithou t T i r t i s  
hom ogenization , due to  th e i r  sm all s i z e ,  and a d ry  w eight o b ta in e d . A 
two gram a l iq u o t o f  each sample was charged to  a f r i t t e d  g la s s  th im ble 
and e x tra c te d  as d e sc r ib e d  fo r  th e  f i e l d  sam ples.
The e x t r a c t  was subdiv ided  in to  th re e  f r a c t io n s :  1) to  assay  fo r 
th e  p e rce n t m ethylene c h lo r id e  e x t ra c ta b le  l i p id s ;  2) to  assay  t o t a l  
e x t ra c ta b le  r a d io a c t iv i ty ;  and 3) fo r  m e ta b o lite  p r o f i l e  exam ination . 
T his l a s t  f r a c t io n ,  from each o f th e  e x tra c te d  r e p l i c a t e s ,  was pooled 
and run  on th e  GPC as a s in g le  sam ple. GPC p aram eters  were th e  same 
as d e sc rib e d  fo r  f i e l d  sam ples. Both th e  h igh  m olecu la r w eight and 
th e  arom atic  f r a c t io n s  were saved . The l a t t e r  f r a c t io n  con ta ined  th e  
p a re n t B(a)P as w ell as th e  hydroxy la ted  m e ta b o lite s  (up to  and 
in c lu d in g  th e  7 ,8 ,9 ,1 0 - t e t r o l ) ;  th e  form er con ta in ed  mo6t o f  the  
co n ju g a tes  and o th e r  h igh  m olecu lar w eight m a te r ia l  to  which th e
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la b e led  compound became a s s o c ia te d . R e ten tio n  o f  th e  co n ju g a tes  in  
th e  h ig h  m olecu lar w eight f r a c t io n  was confirm ed u s in g  s tan d ard s  and 
chrom atographing on th e  HPLC (so lv e n t m ethano l, flow  r a te  1 .5  m l/m in .) 
u s in g  an A ll-T ech  C18 re v e rse  phase column (A llte c h  A sso c ia te s )  and a 
254 nm UV d e te c to r .
The arom atic  f r a c t io n  was blown down to  0 .2  ml and run on th e  
HPLC employing th e  norm al phase column d e sc r ib e d  p re v io u s ly . The 
so lv en t program used i s  shown in  F ig u re  3B. S o lven t A was hexane 
w h ile  S o lven t B was a  50/50 m ix tu re  (v /v )  o f  iso p ro p an o l and m ethanol. 
The program was designed  u sin g  a u th e n tic  m e ta b o lite  s tan d ard s  ob ta ined  
from D r. David Longfellow , N atio n a l Cancer I n s t i t u t e ,  Chemical 
Carcinogen R eference R e p o s ito ry . A re c o n s tru c tio n  o f  a HPLC run 
employing B (a)P , th e  3-hydroxy, 4 ,5 -d ih y d ro x y , 7 ,8 -d ih y d ro x y , 9 ,1 0 - 
d ihydroxy , 7 ,8 ,9 - t r ih y d ro x y , and 7 ,8 ,9 ,1 0 - te tra h y d ro x y  m e ta b o lite s  of 
B(a)P i s  shown in  F ig u re  7 . The e f f lu e n t  from th e  HPLC was c o lle c te d  
in  10 ml s c i n t i l l a t i o n  v ia l s  over th e  cou rse  o f th e  program a t  30 
second in t e r v a l s .  This e f f lu e n t  was combined w ith  to lu en e  c o c k ta i l  
(L iq u if lu o r ,  New England N u c le a r), made up to  a volume o f 10 ml w ith  
to lu en e  and assayed on a Beckman L iquid  S c i n t i l l a t i o n  C oun ter. The 
h igh  m olecu la r weight f r a c t io n  was s im i la r ly  t r e a te d .  However, due to  
th e  h igh  c o lo r  quenching p r e s e n t ,  on ly  a p o r t io n  o f th i s  e x tra c t  was 
co u n ted . A ll samples were p laced  in  th e  dark  fo r  48 hours p r io r  to  
coun ting  to  reduce chem olum inescence. The samples were c o in je c te d  
w ith  th e  a u th e n tic  s tan d ard s  a t  c o n c e n tra tio n s  which were d e te c ta b le  
w ith  a 254 nm UV d e te c to r  to  confirm  th e  r e te n t io n  tim es o f th e  in -  
v ivo  m e ta b o lite s  produced by th e  c rsb s  them selves .
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F igu re  7 . R e s u l t s  o f  a HPLC a n a l y s i s  o f  a m ix tu re  o f  B (a)P  
m e ta b o lite  s tan d ard s  ( f u r th e r  d e t a i l s  a re  a v a i la b le  in  
th e  te x t )  i s  p re se n te d . S tandards a re :  (A) B(a)P; (B) 
3-hydroxy B(a)P; (C) B (a )P - tr a n s -4 ,5 -d ih y d ro d io l ; (D) 
B ( a ) P - t r a n s - 7 ,8 - d i h y d r o d io l ;  (E) B(a)P - t r a n s - 9 ,1 0 -  
d ih y d ro d io l; (F) B (a)P -7 , t r a n s - 8 ,9 - t r ih y d r o t r i o l ;  (G) 
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The counts p e r m inute (CPM) ob ta in ed  from th e  l iq u id  
s c i n t i l l a t i o n  co u n te r were c o rre c te d  to  d is in te g r a t io n s  p e r m inute 
(DPM) by quench c o r re c t io n  using  a t r i t iu m  la b e le d  w ater s tandard  in  
co n ju n c tio n  w ith  th e  channels r a t i o  method.
The DPM o b ta in ed  from th e  HPLC f r a c t io n  c o l le c t io n s  were then  
en te red  in to  a SPSS G raphics L in ech art (H u ll and N ie, 1981) Program 
producing a DPM v ersu s  tim e p lo t .  T his p lo t  allow ed th e  
id e n t i f i c a t i o n  o f many o f th e  m e ta b o lite s  produced v ia  t h e i r  r e te n t io n  
tim e . R esu lts  were expressed  on a per hepatopancreas b a s i s .
Two 50 mg a l iq u o ts  o f each f re e z e  d r ie d  sample were a lso  w etted  
w ith  d i s t i l l e d  w ater and s o lu b il iz e d  in  NCS T issu e  S o lu b il iz e r  
o v e rn ig h t. To th e se  were added 10 ml A quasol-2 U n iv e rsa l LSC C o ck ta il 
and th e  samples s to re d  48 hours in  th e  dark  to  reduce 
chemoluminescence b e fo re  co u n tin g . Quench c o r re c t io n  was accom plished 
as d e sc rib e d  fo r  th e  e x tra c te d  a l iq u o ts .  T r ip l ic a te s  o f  each ca teg o ry  
o f  sample were averaged in  o rd er to  de term ine th e  up take and 
d ep u ra tio n  r a te s  fo r  th e  v a rio u s  groups o f b lu e  c ra b s .
B. RESULTS
Turbid c o n d itio n s  were observed in  th e  exposure tank  w ith in  24 
hour8 o f th e  o n se t o f th e  experim ent due to  th e  accum ulation  o f w aste 
p ro d u c ts ; s in c e  f i l t r a t i o n  could  no t be employed d u ring  th e  exposure 
p e r io d . A dsorp tion  o f  B(a)P on suspended p a r t i c u la te  m a te r ia l  may 
have a l te r e d  up take from th a t  in  a system  in  which th e  lab e led  
m a te r ia l  was s t r i c t l y  in  th e  d is so lv e d  ph ase .
As noted in  th e  methods s e c t io n ,  a low le v e l  o f a c t i v i t y  was 
d e te c te d  in  th e  w ater d u rin g  th e  exposure p e r io d . I t  was hypothesized  
th a t  th i s  a c t i v i t y  was due to  d e p u ra tio n  by th e  c ra b s ,  r a th e r  than  
d e so rp tio n  o f t r i t iu m  la b e le d  B(a)P from th e  w a lls  o f  th e  ta n k . This 
co nclu sion  was borne ou t by p la c in g  one o f th e  exposed crab s  in  a 
c le a n  aquarium  and m on ito ring  th e  a c t i v i t y  o f  th e  w ater over tim e . 
Changes in  a c t i v i t y  in  th e  aquarium  p a r a l le le d  th o se  in  th e  la rg e  
system .
T able 11 shows th e  r e s u l t s  o f  th e  whole t i s s u e  a c t iv i t y  
d e te rm in a tio n s . D ata were expressed  on a DPM p er gram of 
h ep a to p an creas , as w ell as on th e  DPM burden o f  tb e  e n t i r e  o rgan . The 
l a t t e r  f ig u re  was o b ta in ed  by m u ltip ly in g  th e  per gram f ig u re  by the  
t o t a l  amount o f t i s s u e  d is s e c te d  (d ry  w eight b a s is )  from th e  specimens 
used in  th a t  p a r t i c u la r  sam ple; t h i s  r e s u l t  was th en  d iv id ed  by the  
number o f c rabs u t i l i z e d .  In  t h i s  way a t o t a l  t i s s u e  burden and an 
e s tim a te  o f  c o n c e n tra tio n  were o b ta in e d .
Three r e p l i c a te s  o f each  sex-m olt group were taken  on th e  
d e s ire d  sam pling d a y s . To ensu re  th a t  s u f f ic ie n t  specim ens were 
a v a i la b le  fo r  exam ination  on th e  l a t e r  d e p u ra tio n  in te r v a ls  on ly  one
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TABLE 11
Q u a n t i t i e s  o f  t o t a l  r a d i o l a b e l e d  m a t e r i a l  p r e s e n t  in  t h e  
hepatopan^reases o f c rab s  examined du rin g  in - l a b o r a to r y  e x p o su re s  to  
0 .9  ug 1 t r i t i u m  la b e led  B (a)P . The c rab s  were exposed fo r 36 hours 
and allow ed to  d e p u ra te . Samples were taken  a t  th e  i n t e r v a l s  n o te d .  
V alues a re  in  ug x 10 fo r  com parison w ith  th e  d a ta  ob ta in ed  by Lee e t  
a l . (1 9 7 6 ). The upper v a lu es  a re  expressed  on a t o t a l  t i s s u e  b u rd e n  
































60 HOUR 1355(187) 653(109) 515(219) 315(65)




156 HOUR 569(76) 400(101) 196(35) 136(46)
















sample, c o n s i s t in g  o f  th re e  c ra b s ,  was taken from each group a t  the  
conc lu sion  o f  the  exposure per iod  (36 h o u r s ) .  Owing to  the  la rg e  
v a r i a t i o n  in  v a lues  ob ta ined  between the  r e p l i c a t e s  a t  th e  24 hour 
sampling i t  was not f e l t  th a t  t h i s  was adequate to  d e s c r ib e  th e  36 
hour a c t i v i t y  l e v e l .  These d a ta  p o in ts  were th e re f o r e  no t included in  
the  r e s u l t s .
Data ob ta ined  on the  o th e r  i n t e r v a l s  were examined fo r  
s i g n i f i c a n t  d i f f e re n c e s  by One-Way A nalys is  o f  V ariance . S ig n i f ic a n t  
d i f f e r e n c e s  were fu r th e r  explored us ing  Duncan's M u lt ip le  Range Test 
a t  th e  0 .05  a lpha  l e v e l .  The r e s u l t s  o f  these  ana ly se s  a re  shown in  
Table 12.
Although la rg e  d i f f e re n c e s  in  the  means fo r  th e  sex-m olt groups 
were apparen t a f t e r  24 hours o f  exposure (see  Table 11 and F igure  8) 
no s ig n i f i c a n t  d i f f e re n c e s  were found on e i t h e r  a co n ce n tra t io n  or 
t o t a l  burden b a s i s .  Thi6 was due to  the  la rg e  range o f  va lues  
o b ta ined  in  the  r e p l i c a t e s  fo r  the  a d u l t  g roups . The t re n d s  in  the  
means a re  no n e th e less  o f  i n t e r e s t .
As seen in  F igure  8 , on a mean t o t a l  t i s s u e  burden , a d u l t  
in te rm o lt  females had the  h ig h e s t  l e v e l s ;  followed by: a d u l t  in te rm o lt  
m a les ,  ju v e n i le  in te rm o lt  fem ales ,  and ju v e n i le  m olting  fem ales .  When 
expressed  on a c o n ce n tra t io n  b a s i s ,  ju v e n i le  m olting  females possessed  
le v e l s  g r e a t e r  than those  o f  ju v e n i le  in te rm o lt  females and 
approaching those  o f  a d u l t  in te rm o l t  m ales.
S ix ty  hours in to  the  d ep u ra t io n  p e r iod  a l l  m o lting  ju v e n i le  
female c rabs  had undergone ecdysis  and ex h ib i te d  th e  rounded v e n t ra l  
abdomen c h a r a c t e r i s t i c  of the  a d u l t  fem ale. The terms ju v e n i le  
m olting  female and newly molted female both  d e s c r ib e  t h i s  group.
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TABLE 12
R e s u l t s  o f  t h e  One-Way A n a ly s i s  o f  V a r ia n c e  f o r  d i f f e r e n c e s  in  
a c t i v i t i e s  m easured  in  t h e  h e p a t o p a n c r e a s e s  o f  i n t e r m o l t  a d u l t  
fem ales ,  m ales ,  ju v e n i le  females and m olting  ju v e n i le  females a f t e r  24 
hours o f  exposure to  t r i t i u m  labe led  B(a)P and 6 0 ,  156 and 252 h o u rs  
o f  d e p u r a t i o n  ( f o l lo w in g  36 hours o f  ex p o su re ) .  No m olting  ju v e n i le  
females were a v a i la b l e  a t  th e  252 hour d ep u ra t io n  i n t e r v a l .
SIGNIFICANCE OF F ON SIGNIFICANCE OF F ON
A TOTAL TISSUE BASIS A CONCENTRATION BASIS
24 HOUR 0 .5 4  0 .54
EXPOSURE
60 HOUR 0.00 ** 0 .00 **
DEPURATION
Groups found to  d i f f e r  by DMRT (0 .0 5 ) :
T o ta l  T is s u e Ba s i s
Adult in te rm o l t  f e m a le s  from j u v e n i l e  i n t e r m o l t  f e m a le s ;  j u v e n i l e  
m olting  females from a l l  groups
C oncen tra t ion  Basis
J u v e n i le  m olting  females from a l l  groups
156 HOUR 0.00 ** 0 .01  **
DEPURATION
Groups found to  d i f f e r  by DMRT (0 .0 5 ) :
T o ta l  T is su e  Basis
A d u lt  i n t e r m o l t  f e m a le s  from  i n t e r m o l t  a d u l t  m a les  and j u v e n i l e  
fem ales; ju v e n i le  m olting  females from a l l  groups
C oncen tra tion  Basis
A d u l t  i n t e r m o l t  f e m a le s  from  i n t e r m o l t  a d u l t  m a les  and j u v e n i l e  
fe m a le s ;  j u v e n i l e  m o l t in g  fe m a le s  from  i n t e r m o l t  a d u l t  m a les  and 





F igure  8 . A c t iv i ty  p re s e n t  in  the  hepa topacreases  o f . b l u e  c r a b s  
a f t e r  24 h o u rs  o f  e x p o s u re  t o  0 .9  ug 1~ o f  t r i t i u m  
l a b e l e d  B (a)P  ( e t h a n o l  c a r r i e r )  d i s s o l v e d  in  t h e  
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A c t i v i t i e s  in  a l l  g roups, except th e  ju v e n i le  m olting  fem ales ,  g r e a t l y  
decreased  from e a r l i e r  l e v e l s .  The l a t t e r  crabs  were found to  have 
le v e ls  h igher  than  the  m olting  ju v e n i le  females sampled a f t e r  24 hours 
o f  exposure (n o te  th a t  the  exposure p e r io d  la s te d  36 h o u r s ) . 
D if fe ren ce s  between th e  sex-molt c l a s s e s  were found to  be h ig h ly  
s ig n i f i c a n t  (0 .00  on both  a co n c e n tra t io n  and t o t a l  burden app roach ).  
DMRT d ec la red  the  burdens in  in te rm o lt  a d u l t  males and in te rm o lt  
ju v e n i le  females to  be s im i l a r .  However, amounts in  ju v e n i le  
in te rm o l t  females were found to  be s t a t i s t i c a l l y  lower (0 .0 5  alpha 
le v e l )  than a d u l t  in te rm o lt  fem ales .  M olting ju v e n i le  females 
possessed  much h igher l e v e ls  then any o f  th e  aforem entioned g roups .
Only the  c o n c e n tra t io n s  (per  gram b a s i s )  in  the  m olting  ju v e n i le  
females were d ec la red  d i f f e r e n t  from the  o th e rs  by DMRT.
A f te r  156 hours o f  d e p u ra t io n ,  m olting  ju v e n i le  female crabs 
were s t i l l  found to  have s u b s t a n t i a l l y  h igher  amounts o f  th e  
r a d io la b e l  than  the  o th e r  c l a s s e s ,  based on the  t o t a l  amount con ta ined  
in  the  h ep a to p an creas . Adult in te rm o l t  females con ta ined  lower 
q u a n t i t i e s  than  the  above mentioned group but s i g n i f i c a n t l y  h ighe r  
than  th e  homogeneous (by DMRT) in te rm o lt  a d u l t  males and ju v e n i le  
fem a les .
C oncen tra tions  in  th e  in te rm o lt  a d u l t  males and ju v e n i le  females 
were found s im i la r  bu t bo th  were d ec la red  to  be s t a t i s t i c a l l y  lower 
than th e  in te rm o l t  a d u l t  females and m olting  ju v e n i le  female c ra b s ,  
the  means of which were no t  found to  be d i f f e r e n t  by DMRT as seen in  
Table 12.
Mo molting ju v e n i le  females were examined a f t e r  252 hours o f  
d e p u ra t io n .  Due to  th e  h igh  v a r i a t i o n  in  the  r e p l i c a t e s  o f  the  a d u l t
63
in te rm o lt  females none o f  the  remaining sez-m olt groups were found to  
d i f f e r  s i g n i f i c a n t l y ,  a lthough th e  means appeared to  v a ry .
The mean va lues  fo r  the  c l a s s e s  sampled du ring  the  dep u ra t io n  
p e r io d ,  on a DPM p e r  hepatopancreas b a s i s ,  as v e i l  as on a DPM per 
gram b a s i s ,  a re  graphed in  F igures  9 and 10, r e s p e c t iv e ly .  S lopes , 
based on a c t i v i t y  v a lu e s ,  computed per  gram o f  hepa topancreas ,  w ith  
time were s im i la r  to  those  based on a t o t a l  hepatopancreas burden , 
except in  the  case  o f  the  a d u l t  in te rm o l t  fem ales .  In  g e n e ra l ,  the  
s lo p es  o f  th e  l i n e s  fo r  the  in te rm o lt  groups d id  no t d i f f e r  g r e a t ly .  
However, the  s lope  o f  th e  m olting ju v e n i le  female group was much 
s t e e p e r .
L in ech a r ts  o f  the  HPLC f r a c t io n  c o l l e c t i o n  assays  fo r  the  
d e te rm in a t io n  o f  B(a)P and m e ta b o li te s  expressed  as t o t a l  
hepatopancreas burden per  crab  a re  shown in  F igu res  11 to  22. The 
d a ta  p o in t s  shown were based on 30 second i n t e r v a l  c o l l e c t i o n s ,  except 
fo r  th e  in te rm o lt  ju v e n i le  females and th e  60 hour depu ra t io n  ru n s .  
These were the  f i r s t  samples to  be examined, and as such, e x t ra  ca re  
was taken  in  o rder  to  in su re  th a t  adequate r e s o lu t io n  o f  the  
m e ta b o l i te s  was o b ta in e d .  In th e se  runs f r a c t io n s  were taken every 15 
seconds during  p e r io d s  where m e ta b o li te  s tandards  were e lu te d .  In  
s e v e ra l  o f  th e se  runs the  unmetabolized B(a)P peak appeared s p l i t .
This was thought to  be a r e s u l t  o f  c o e lu t io n  w ith  the  to luene  sample 
s o lv e n t .  In  l a t e r  work methylene c h lo r id e  was u t i l i z e d  as the  so lven t 
and t h i s  e f f e c t  was reduced .
F igu res  11 to  14 show m e ta b o l i te  p r o f i l e s  fo r  the  sex -m olt-  
m a tu r i ty  c a te g o r ie s  a f t e r  24 hour6 of exposure to  r a d io la b e le d  
b enzo (a )py rene .  H ighest le v e ls  o f  unm etabolized B(a)P were observed
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Figure  9 . A c t i v i ty  p re s e n t  w i th in  t h e  h e p a to p a n c r e a s e s  o f  th e  
t e s t  groups a f t e r  60, 156 and 252 hours o f  d e p u ra t io n .  
The d e t e r m in a t io n  was b a s e d  on t h e  a c t i v i t y  o f  th e  
e n t i r e  hepa topancreas  fo llow ing  a 36 hour exposure to  
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Figure  10. A c t i v i t y  p re s e n t  w i th in  t h e  h e p a t o p a n c r e a s e s  o f  t h e  
t e s t  groups a f t e r  60, 156 and 252 hours o f  d e p u ra t io n .  
The d e te rm in a t io n  was based on th e  a c t i v i t y  p e r  gram 
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Figure  11. Radiochromatograms produced by f r a c t i o n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h e p a to p a n c r e a s  e x t r a c t  o f  a d u l t  i n t e r m o l t  f e m a le s  
s a c r i f i c e d  a f t e r  a 24 hour exposure t o  t r i t i u m  lab e led  
B(a)P. Values in  t h i s  and th e  f o l l o w i n g  f i g u r e s  a r e  
b a s e d  on t h e  a c t i v i t y  p r e s e n t  i n  t h e  e n t i r e  
hepa topancreas .  The f i r s t  chrom atogram  shows a f u l l  
s c a le  p r e s e n ta t io n  w hile  th e  second has been e n la rg e d .  
T e n t a t i v e  i d e n t i f i c a t i o n  o f  t h e  compounds p r e s e n t  
b a se d  on c o e lu t io n  w ith  m e ta b o l i te  s tan d a rd s  inc lude :
(A) B(a)P; (B) B(a)P phenol; (D) B ( a ) P - 7 , 8 - d i o l ; (F )  
B (a )P -9 ,1 0 -d io l ;  (G) B ( a ) P - 7 ,8 , 9 - t r i o l ;  and (H) B(a)P-
7 , 8 , 9 , 1 0 - t e t r o l .  Peak E i s  th o u g h t  t o  c o r r e s p o n d  to  
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Figure  12. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h e p a to p a n c r e a s  e x t r a c t  o f  a d u l t  i n t e r m o l t  m a l e s  
s a c r i f i c e d  a f t e r  a 24 hour exposure to  t r i t i u m  labe led  
B (a)P . T e n ta t iv e  i d e n t i f i c a t i o n  o f  th e  m e t a b o l i t e s  
b a se d  on c o e lu t io n  w ith  s tandards  inc lude: (A) B(a)P; 
(B) B(a)P phenol; (D) B (a )P -7 ,8 -d io l ;  (F) B ( a ) P - 9 ,1 0 -  
d i o l ;  (G) B ( a ) P - 7 , 8 , 9 - t r i o l ;  and (H) B (a )P -7 ,8 ,9 ,1 0 -  
t e t r o l .  Peak E i s  thought to  c o r re s p o n d  to  t h e  3 , 9 -  




























Figure  13. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
hepatopancreas  e x t ra c t  o f  ju v e n i l e  i n t e r m o l t  fe m a le s  
s a c r i f i c e d  a f t e r  a 24 hour exposure to  t r i t i u m  labe led  
B (a)P . T e n ta t iv e  i d e n t i f i c a t i o n  o f  t h e  m e t a b o l i t e s  
b a s e d  on c o e lu t io n  w ith  s tan d a rd s  inc lude : (A) B(a)P; 
(B) B(a)P phenol; (D) B (a )P -7 ,8 -d io l ;  (F) B ( a ) P - 9 ,1 0 -  
d i o l ;  and (G) B ( a ) P - 7 ,8 , 9 - t r i o l .  Peak E i s  thought to  

































Figure  14. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h ep a topancreas  e x t r a c t  o f  j u v e n i l e  m o l t in g  fe m a le s  
s a c r i f i c e d  a f t e r  a 24 hour exposure to  t r i t i u m  lab e led  
B(a)P. T e n ta t iv e  i d e n t i f i c a t i o n  o f  th e  m e t a b o l i t e s  
b a se d  on c o e lu t io n  w ith  s tan d a rd s  inc lude :  (A) B(a)P;
(B) B(a)P phenol; (D) B (a )P -7 ,8 -d io l ;  (F) B ( a ) P - 9 ,1 0 -  
d i o l ;  (G) B ( a ) P - 7 , 8 , 9 - t r i o l ;  and (H) B (a )P -7 ,8 ,9 ,1 0 -  
t e t r o l .  Peak E i s  thought to  c o r re s p o n d  to  t h e  3 , 9 -  



































in  the  m olting  ju v e n i le  female c ra b s .  Adult in te rm o lt  females had 
much lower amounts, w hile  in te rm o lt  a d u l t  males and ju v e n i le  females 
e x h ib i te d  in te rm ed ia te  lo a d s .  S ig n i f i c a n t  l e v e ls  o f  B(a)P phenols 
were observed in  a l l  g roups , h ig h e s t  q u a n t i t i e s  in  the  m olting 
ju v e n i le  fem ales .  Peaks were p re se n t  c o e lu t in g  w ith  the  7 ,8 -  and
9 ,1 0 -d io l ,  as w ell as th e  7 , 8 , 9 - t r i o l  s ta n d a rd s .  A peak suspected to  
be a 7 , 8 , 9 , 1 0 - t e t r o l  was p re se n t  in  the  sam ples, however, in  the 
ju v e n i le  in te rm o l t  female sample t h i s  peak appeared a t  a r e te n t io n  
time s h o r te r  than the  s tandard  u sed .  In  t h i s  sample, in t e r v a l s  in  the  
v i c i n i t y  o f  suspected  m e ta b o li te s  were examined every  15 seconds as 
p re v io u s ly  mentioned, p ro v id ing  g r e a t e r  r e s o lu t io n .  A la rg e  peak was 
p re s e n t  e lu t in g  a f t e r  th e  7 ,8 - d i o l  and p r io r  to  th e  9 ,1 0 -d io l .  A 
s im i la r  peak was seen by Gmur and V aranasi (1982) in  E ng lish  s o le .
They hypothesized  th a t  i t  wa6 the  n o n v ic in a l  3 , 9 - d i o l .
F igu res  15 to  18 d e p ic t  the  v a lu es  ob ta ined  from th e  HPLC runs 
o f  hepatopancreas e x t r a c t  from crabs  allowed to  depu ra te  fo r  60 hours 
a f t e r  exposure to  th e  t r i t i u m  la b e led  B(a)P. Again m olting  ju v e n i le  
females possessed  much h igher l e v e ls  o f  the  unmetabolized compound. 
Note th a t  th e  s c a le  f a c to r  in  F igu re  18 i s  much l a rg e r  than  in  the  
o th e r  f i g u r e s ,  fo r  the  same dep u ra t io n  i n t e r v a l .  S iza b le  peak6 
corresponding  to  B(a)P phenols  and the  7 ,8 - d i o l ,  9 ,1 0 -d io l  and 
suspected  3 ,9 - d i o l  appeared in  a l l  samples examined. A small peak i s  
ev iden t in  th e  a d u l t  in te rm o l t  male group e lu t in g  w ith  th e  7 ,8 ,9 ,1 0 -  
t e t r o l  s ta n d a rd .  A la b e led  m oiety  w ith  a r e t e n t io n  time s im i la r  to  
th e  7 , 8 , 9 - t r i o l  was p re s e n t  in  a l l  bu t the  m olting  ju v e n i le  group.
The e x t r a c t  from m olting  ju v e n i le  females a f t e r  156 hours of 
exposure was examined and th e  r e s u l t s  p resen ted  in  F igu re  19. The
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Figure  15. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h e p a to p a n c r e a s  e x t r a c t  o f  a d u l t  i n t e r m o l t  f e m a le s  
s a c r i f i c e d  a f t e r  60 hours o f  dep u ra t io n  fo llow ing  36 
hours o f  exposure to  t r i t i u m  la b e led  B(a)P. T e n ta t iv e  
i d e n t i f i c a t i o n  o f  t h e  m e ta b o l i te s  based on c o e lu t io n  
w ith  s tanda rds  inc lude : (A) B (a)P ; (B) B (a)P  p h e n o l ;  
(D) B ( a ) P - 7 , 8 - d i o l ; (F )  B ( a ) P - 9 ,1 0 - d io l ;  (G) B(a)P-
7 . 8 . 9 - t r i o l .  Peak E i s  thought to  c o r r e s p o n d  to  th e
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F igure  16. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h e p a to p a n c r e a s  e x t r a c t  o f  a d u l t  i n t e r m o l t  m a l e s  
s a c r i f i c e d  a f t e r  60 hours o f  d ep u ra t io n  fo llow ing 36 
hours o f  exposure to  t r i t i u m  lab e led  B(a)P. T en ta t iv e  
i d e n t i f i c a t i o n  o f  th e  m e ta b o l i te s  based on co e lu t io n  
w ith  s tan d a rd s  inc lude : (A) B (a)P; (B) B(a)P  p h e n o l ;  
(D) B ( a ) P - 7 , 8 - d i o l ;  (F )  B ( a ) P - 9 ,1 0 - d io l ;  (G) B(a)P-
7 , 8 , 9 - t r i o l ;  (H) B ( a ) P - 7 , 8 , 9 , 1 0 - t e t r o l . Peak E i s  
thought to  correspond to  th e  3 ,9 -d io l  rep o r te d  by Gmur 



























Figure  17. Radiochromatograms produced by f r a c t i o n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
hepatopancreas  e x t r a c t  o f  j u v e n i l e  i n t e r m o l t  f e m a le s  
s a c r i f i c e d  a f t e r  60 hours o f  d e p u ra t io n  fo llow ing  36 
hours o f  exposure to  t r i t i u m  la b e le d  B(a)P. T e n ta t iv e  
i d e n t i f i c a t i o n  o f  t h e  m e ta b o l i te s  based on c o e lu t io n  
w ith  s tandards  inc lude: (A) B (a)P ; (B) B (a)P  p h e n o l ;  
(D) B ( a ) P - 7 , 8 - d i o l ;  ( F)  B ( a } ? - 9 , 1 0 - d i o l ;  and (G) 
B ( a ) P - 7 ,8 , 9 - t r i o l .  Peak E i s  thought to  correspond to  




































Figure  18. Radiochromatograms produced by f r a c t i o n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
hep a to p an crea s  e x t r a c t  o f  j u v e n i l e  m o l t in g  fe m a le s  
s a c r i f i c e d  a f t e r  60 hours o f  d ep u ra t io n  fo llow ing  36 
hours o f  exposure to  t r i t i u m  la b e led  B(a)P. T e n ta t iv e  
i d e n t i f i c a t i o n  o f  t h e  m e ta b o l i te s  based on c o e lu t io n  
w ith  s tan d ard s  inc lude :  (A) B (a)P ; (B) B(a)P p h e n o l ;  
(D) B ( a ) P - 7 , 8 - d i o l ;  and (F) B (a )P -? ,1 0 -d io l .  Peak E 
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F igu re  19. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h ep a to p an c rea s  e x t r a c t  o f  j u v e n i l e  m o lt in g  fe m a le s  
s a c r i f i c e d  a f t e r  156 hours o f  d ep u ra tio n  fo llow ing  36 
hours o f  exposure to  t r i t iu m  la b e le d  B (a)P . T e n ta tiv e  
i d e n t i f i c a t i o n  o f  th e  m e ta b o li te s  based on c o e lu tio n  
w ith  s ta n d a rd s  in c lu d e : (A) B (a)P ; (B) B (a)P  p h e n o l;  
(F ) B ( a ) P - 9 ,1 0 - d i o l ;  (G) B ( a ) P - 7 ,8 ,9 - t r io l ;  and (H) 
B ( a ) P - 7 , 8 , 9 , 1 0 - t e t r o l .  P e a k  E i s  t h o u g h t  t o  
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q u a n ti ty  o f unm etabolized B(a)P was s im ila r  to  th a t  in  th e  in te rm o lt 
ju v e n ile s  a f t e r  60 hours o f d e p u ra tio n ; however, th e  broad phenol peak 
was much la r g e r .  No peak w ith  a r e te n t io n  tim e s im ila r  to  7 ,8 -d io l  
was o bserved . A sho u ld er o f  a peak appears where th e  9 ,1 0 -d io l 
e l u t e s .  A la rg e  peak i s  p re se n t co rrespond ing  to  th e  r e te n t io n  tim e 
o f  th e  7 ,8 ,9 ,1 0 - t e t r o l  s ta n d a rd .
F ig u res  20 to  22 d is p la y  th e  m e ta b o lite  p r o f i l e s  a f t e r  252 hours 
o f  d e p u ra tio n . N otable h ere  was th e  o b se rv a tio n  th a t  th e  
unm etaholized B(a)P peak fo r  a d u lt  in te rm o lt males was e s s e n t i a l ly  
unchanged from th o se  allow ed to  d ep u ra te  fo r  on ly  60 h o u rs . L evels in  
in te rm o lt ju v e n ile  and a d u lt  fem ales decreased  from th o se  e a r l i e r  
observ ed , bu t a t  a slow er r a t e  than  i n i t i a l l y .  The suspected  p h eno l, 
d i o l ,  and t r i o l  peaks in  th e  a d u lt in te rm o lt m ales and fem ales were 
s im i la r .  A compound e lu t in g  w ith  a r e te n t io n  tim e s im ila r  to  th e  
7 ,8 ,9 ,1 0 - t e t r o l  was observed , however, as m entioned above i t s  p resen ce  
was su sp e c t.
Two peaks e lu t in g  p r io r  to  th e  phenols were commonly observed in  
th e  samples an a ly zed . These were hypo thesized  to  be quinones based on 
t h e i r  p o s i t io n  in  th e  chrom atographic run (V aranasi and Gmur, 1981).
E x tra c tio n  e f f ic ie n c ie s  based on th e  a c t i v i t y  in  th e  m ethylene 
c h lo r id e  e x t r a c t  v e rsu s  th a t  measured by assay in g  th e  le v e ls  p re se n t 
in  whole t i s s u e s ,  ranged from 5 .2  to  6 3 .7Z w ith  a mean o f 29 .2+ 18 .4Z. 
S ig n if ic a n t  c o lo r  quenching was p re se n t in  th e  e x t r a c t s .  T h e re fo re , 
a l iq u o ts  were assayed to  minimize t h i s  e f f e c t .  The p o r tio n  o f  th e  
e x tra c te d  r a d io a c t iv i ty  p re se n t in  th e  la rg e  m o lecu la r w eight f r a c t io n  
se p a ra te d  on th e  GPC was de term ined . Values ranged from 15.3 to  
1 0 4 .8Z o f th e  e x t r a c ta b le  a c t i v i t y ,  w ith  a mean o f  56 .6+23.7Z.
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F igu re  20. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h e p a to p a n c re a s  e x t r a c t  o f  a d u l t  in te r m o l t  fe m a le s  
s a c r i f i c e d  a f t e r  252 hours o f  d ep u ra tio n  fo llow ing  36 
hours o f exposure to  t r i t iu m  la b e le d  B(a)P . T e n ta tiv e  
i d e n t i f i c a t i o n  o f  th e  m e ta b o lite s  based on c o e lu tio n  
w ith  s tan d ard s  in c lu d e : (A) B (a)P ; (B) B(a)P p h e n o l;  
(D) B ( a ) P - 7 ,8 - d i o l ;  (G) B ( a ) P - 7 , 8 , 9 - t r i o l ;  and (H) 
B ( a ) P - 7 , 8 , 9 , 1 0 - t e t r o l . P e a k  E i s  t h o u g h t  t o  




























F ig u re  21 . Radiochromatogram8 produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
h e p a to p a n c re a s  e x t r a c t  o f  a d u l t  i n t e r m o l t  m a l e s  
s a c r i f i c e d  a f t e r  252 hours o f  d ep u ra tio n  fo llow ing  36 
hours o f  exposure to  t r i t iu m  la b e led  B (a)P . T e n ta tiv e  
i d e n t i f i c a t i o n  o f  th e  m e ta b o li te s  based on c o e lu tio n  
w ith  s tan d a rd s  in c lu d e : (A) B (a)P ; (B) B(a)P p h e n o l ;  
(D) B ( a ) P - 7 ,8 - d i o l ;  (G) B ( a ) P - 7 , 8 , 9 - t r i o l ;  and (H) 
B ( a ) P - 7 , 8 , 9 , 1 0 - t e t r o l . P e a k  E i s  t h o u g h t  t o  































•jnum j* 6  suo)«ai6»(Uicia
79
F igu re  22. Radiochromatograms produced by f r a c t io n  c o l l e c t i o n  o f  
t h e  HPLC e f f l u e n t  f r o m  t h e  a n a l y s i s  o f  t h e  
hepatopancreas e x t r a c t  o f ju v e n ile  in te r m o l t  fe m a le s  
s a c r i f i c e d  a f t e r  252 hours o f d ep u ra tio n  fo llow ing  36 
hours o f  exposure to  t r i t iu m  lab e led  B (a)P . T e n ta tiv e  
i d e n t i f i c a t i o n  o f  th e  m e ta b o lite s  based on c o e lu tio n  
w ith  s tan d a rd s  in c lu d e : (A) B (a)P ; (B) B(a)P p h e n o l;  
(F ) B (a )P -9 ,1 0 -d io l ;  and (G) B ( a ) P - 7 ,8 ,9 - t r io l .  Peak 
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E f f ic ie n c ie s  were a cc ep tab le  co n sid e rin g  tb e  p o la r  n a tu re  o f th e  
hyd roxy la ted  m e ta b o lite s  and c o n ju g a te s , and th e  r e l a t iv e ly  nonpolar 
e x tra c t in g  s o lv e n t ,  m ethylene c h lo r id e .
IV . DISCUSSION
Toxic o rgan ic  p o l lu ta n ts  a re  w idespread in  th e  environm ent.
T heir p resence  has been d e te c te d  in  a l l  compartments be i t  a i r  (Funcke 
e t  a l . .  1982), w ater (Thomas e t  a l . .  1980), s o i l  (M cGill and Row ell, 
1980) o r b io ta  (Mironov e t  a l . .  1981). The purpose o f  t h i s  re se a rc h  
was to  e s ta b l i s h  th e  d i s t r i b u t io n  and f a te  o f th e se  compounds w ith in  a 
p o p u la tio n  o f an im portan t e s tu a r in e  in h a b i ta n t ,  th e  b lu e  c ra b , 
C a llin e c te s  s a n id u s . o f th e  Chesapeake Bay e s tu a r in e  system .
Predom inant among th e  to x ic  o rg an ic s  d e te c te d  in  th e se  organism s 
were th e  a lk y l  s u b s t i tu te d  p o ly n u c lea r  arom atic  hydrocarbons, e . g . ,  
th e  m ethy la ted  p h en an th ren es . These compounds a re  found in  
ap p re c ia b le  q u a n t i t ie s  in  f o s s i l  fu e ls  (S inkkonen, 1982). Thus th e i r  
p resence  in  th e  e s tu a r in e  environm ent i s  symptomatic o f a r e le a s e ,  be 
i t  n a tu ra l  o r  an thropogenic (M ille  e t  a l . .  1982). No s ig n i f i c a n t  
n a tu ra l  o i l  seeps a re  p re s e n t in  th e  Chesapeake Bay so i t  may be 
assumed th a t  th i s  con tam ina tion  i s  r e la te d  to  human a c t i v i t y .
The Chesapeake Bay and con tiguous w aters  a re  h ig h ly  u t i l i z e d  fo r 
a v a r ie ty  o f  p u rp o ses . Among th e  major c o n tr ib u to r s  to  th e  burden o f 
TOP a re  sewage trea tm en t p la n t s .  A lthough f a c i l i t i e s  re le a s in g  sewage 
e f f lu e n t  in to  th e  Bay have been upgraded, t h e i r  im pact i s  s t i l l  
s i g n i f i c a n t .  C o n tr ib u to rs  to  th e se  w aste trea tm e n t f a c i l i t i e s  in c lude  
in d u s tr ie s  as w ell as m u n ic ip a l i t i e s .  I t  was e s tim a ted  th a t  
in d u s t r ia l  w aste a t  th e  Hopewell (V irg in ia )  R egional P la n t made up 852 
o f th e  flow  (V irg in ia  S ta te  W ater C on tro l Board, 1980). Many 
in d u s t r i a l  concerns r e le a s e  e f f lu e n ts  w ith  l i t t l e  o r no p re tre a tm e n t
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o f t h e i r  to x ic  w a s te s . Inadequate  dom estic u n i t  sewage systems o f te n  
d isch a rg e  u n tre a te d  w astes d i r e c t ly  to  th e  environm ent.
In  a d d i tio n  to  land  based so u rc e s , b o a t t r a f f i c  c o n tr ib u te s  
s ig n i f i c a n t ly  to  th e  le v e ls  o f p o l lu t io n .  S p i l l s  and lo s se s  o f f o s s i l  
fu e ls  th rough a c c id e n ts  and normal o p e ra tio n  o f  r e c r e a t io n a l  b o a ts ,  
la rg e  ta n k e rs  and f r e ig h te r s  a re  common.
Shaw and C onnell (1982) and Hatsumoto and Hanya (1981) determ ined 
th a t  up take o f p o l lu ta n ts  in  organism s was p ro p o r tio n a l to  the  
co n c e n tra tio n s  p re s e n t in  th e i r  su rround ing  environm ent. S ince th e  
b lu e  crab  i s  a r e s id e n t  o f a p o llu te d  environm ent i t  was expected th a t  
i t  would accum ulate s ig n i f i c a n t  le v e ls  o f co n tam inan ts .
S u b s ta n tia l  c o n c e n tra tio n s  o f  arom atic  p o l lu ta n ts  were noted by 
B ie r i  e t  a l . (1982) in  th e i r  exam ination o f  o rg an ic  compounds in  
sedim ent and o y s te rs  tak en  in  th e  v i c in i t y  o f h ig h ly  u rban ized  and 
in d u s tr ia l i z e d  a r e a s .  Blue c rab s  were sampled in  th e  p re se n t study 
n ear one o f th e se  same s i t e s ,  Hampton Roads, lo c a te d  a t  th e  confluence 
o f  th e  James R iver w ith  th e  Chesapeake Bay. T his i s  a c e n te r  o f 
com mercial and m i l i t a r y  a c t i v i t y ,  m ajor in s t a l l a t i o n s  in c lu d e : Newport 
News S h ip b u ild in g  and Drydock Company, V irg in ia  Chem icals Company, 
V irg in ia  E le c t r i c  and Power Company (VEPCO), D .S. Navy and Army b a se s , 
a m ajor c o a l load ing  f a c i l i t y ,  a c re o so te  f a c to ry  on th e  E liz a b e th  
R iver (a  t r i b u ta r y  o f th e  lower James) and s e v e ra l sewage trea tm en t 
f a c i l i t i e s .  C o n cen tra tio n s  o f  ASFAH d e te c te d  in  c rabs c o l le c te d  from 
th i s  s i t e  r e f l e c t  th e  h igh  le v e l o f  p o l lu t io n  p r e s e n t .
B ie r i  e t  a l . (1982) g e n e ra lly  found h ig h e s t TOP le v e ls  a t  th e  
mouth o f r i v e r s .  T h is  e f f e c t  may be caused by th e  heigh tened  boat 
t r a f f i c  a t  th e se  s i t e s .  The lower s o lu b i l i t y  o f  hydrocarbons in
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s a l in e  w ater (R o ssi and Thomas, 1981; Herrmann and Huebner, 1982) than  
f re s h  and th e  lower sedim ent c a rry in g  c a p a c ity  o f th e  c u rre n t as i t  
p a sse s  in to  th e  Bay may c o n t r ib u te .
A second s i t e  on th e  James R iv e r, n ea r Hog I s la n d ,  was a lso  
exam ined. T his s ta t io n  was 25 m iles  dow nriver from h e a v ily  
in d u s t r i a l i z e d  H opew ell, V irg in ia .  Richmond i s  approxim ately  90 m iles 
upstream . A lthough th e  a re a  surrounding  th i s  s ta t io n  i s  no t as 
u rban ized  as th e  lower James, s e v e ra l la rg e  i n s ta l l a t io n s  a re  p re se n t 
in  th e  immediate a r e a ,  such as th e  Dow Badische C o rp o ra tio n , A nheuser- 
Busch I n c . ,  s e v e ra l  sewage trea tm e n t p la n ts  and a VEPCO n u c lea r power 
p l a n t .  T his s t a t io n  was in  th e  v ic in i t y  o f  th e  James R iver tu r b id i ty  
maximum (L u n sfo rd , 1981). Compounds such as arom atic  hydrocarbons and 
FCB, which a s s o c ia te  w ith  sedim ent p a r t i c l e s  due to  t h e i r  low w ater 
s o l u b i l i t y  may c o n c e n tra te  h e re .  This was found to  be th e  case w ith  
th e  hydrophobic compound Kepone, re le a se d  in to  th e  James R iver e s tu a ry  
a t  Hopewell (N icho ls  and Trotm an, 1977). However, low le v e ls  o f  ASPAH 
were d e te c te d  from b lu e  c rab s  sampled from th i s  upper r iv e r  s i t e ,  
in d ic a t iv e  o f  th e  lower hydrocarbon in p u t ,  compared w ith  th e  Hampton 
Roads s t a t i o n .
I n i t i a l l y ,  th e  c rab s  sampled from th e  Pocomoke Sound appeared to  
p o sse ss  ASPAH c o n c e n tra tio n s  h ig h e r than  th o se  a t  th e  upper James 
s i t e .  This was found to  be a fu n c tio n  o f one h e a v ily  contam inated 
sam ple. I t  was thought th a t  th i s  sample included  c rab s  which had 
r e c e n t ly  been exposed to  a la rg e  volume o f  petro leum  s h o r t ly  b e fo re  
sam pling . T his co n c lu sio n  was reached due to  th e  p resen ce  o f a la rg e  
q u a n t i ty  o f a lk y l  s u b s t i tu te d  a ro m a tic s , p a r t i c u la r ly  
d ib e n zo th io p h e n es . V a ss ila ro s  e t  a l . (1981) re p o rte d  th a t  arom atic
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s u lfu r  ta e te ro cy c lic s  were s tro n g ly  b ioaccum ulated  by a q u a tic  organism s 
fo llow ing  o i l  s p i l l s .
When th e  va lu e  noted above was re p la c e d  by th e  median o f t i s s u e  
le v e ls  o f  a l l  groups ob ta ined  a t  th e  s i t e ,  th e  mean v a lu e  fo r  th e  
Pocomoke Sound dropped below th o se  o f  th e  o th e r  s i t e s .  Sources o f  
an thropogenic m a te r ia l  on th e  e a s te rn  shore  o f  V irg in ia  a re  m ainly  
a g r i c u l tu r a l .  T h e re fo re , i t  was hypo thesized  th a t  th e  m ajor in p u t o f 
ASPAH was from b oat a s so c ia te d  a c t i v i t i e s .
Crabs sampled from th e  f in a l  s t a t i o n ,  lo c a ted  35 m iles u p r iv e r  
from th e  mouth o f th e  Rappahannock R iv e r , n ea r Tappahannock, V irg in ia ,  
possessed  ASPAH c o n c e n tra tio n s  s im ila r  to  th o se  seen  on th e  upper 
Jam es. A nthropogenic inpu t was r e l a t i v e l y  low (V irg in ia  S ta te  Water 
C o n tro l Board, 1980), lim ite d  to  a few sewage tre a tm e n t p la n ts  and 
m arin as . I n d u s t r ia l  a c t i v i t y  wa6 n o t h ig h ly  developed . FMC fo rm ally  
o p e ra ted  a p la n t in  th e  v ic in i t y  b u t c lo sed  i t s  f a c i l i t y  in  1978. The 
o n ly  o th e r  in d u s t r i a l  concern l i s t e d  in  th e  V irg in ia  Water Q u a lity  
In v en to ry  (S ta te  Water C ontro l Board, 1980) was th e  Safeguard 
C o rpo ra tion  which opera ted  n ear th e  a re a  sam pled.
The r e s u l t s  o f th e  Four-Way ANOVA d id  no t in d ic a te  s ig n i f ic a n t  
d if fe re n c e s  between c rab s  sampled in  1981 from th e  fo u r above 
m entioned s i t e s .  T his suggested  t h a t ,  a lthough  h ig h e s t le v e ls  o f 
a lk y l  s u b s t i tu te d  arom atic  hydrocarbons were p re s e n t in  b lu e  crabs 
in h a b itin g  u rban ized  a r e a s ,  th e  Bay p o p u la tio n  as a whole had 
s u b s ta n t ia l  body bu rd en s. O bviously th e  e n t i r e  Chesapeake Bay has a 
TOP problem . M ig ra tion  o f c rab s  may have obscured d if fe re n c e s  in  
p o l lu t io n  burdens between s t a t io n s .  However, as shown by th e  in ­
la b o ra to ry  experim en ts, up take and c le a ra n c e  o f ASPAH is  r a p id .
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T h e re fo re , m ig ra tio n  was u n lik e ly  to  a f f e c t  th e  hydrocarbon p a t te rn s  
observed . I t  m ight have in flu en ced  th e  p a t te r n  o f  more p e r s is te n t  
compounds, such as FCB.
U nresolved envelopes, c o n s is t in g  o f  ch rom ato g rap h ieslly  
in d is t in g u is h a b le  hydrocarbon isom ers a re  thought to  be o f  a petro leum  
o r ig in .  Ind eed , when Jones e t  a l . (1983) incubated  c o a s ta l  sedim ents 
spiked w ith  N orth Sea crude o i l ,  un reso lved  complex envelopes 
developed . I t  was hypo thesized  th a t  th e  UCH c o n s is te d  o f a e ro b ic a lly  
biodegraded a lk y la ro m a tic  hydrocarbons. T h e re fo re , th e i r  occurrence 
should co in c id e  w ith  th a t  o f  th e  ASPAH. This was found to  be th e  
c a s e . H ighest co n c e n tra tio n s  were ev id en t from crabs tak en  from th e  
lower Jam es, follow ed by th e  Pocomoke Sound, upper James and 
Rappahannock, r e s p e c t iv e ly .
The n o n su b s titu te d  arom atic  hydrocarbons a re  thought to  o r ig in a te  
p redom inan tly  from p y ro ly t ic  so u rces (H ite6  e t  a l . .  1977), a lthough  
they  a re  p re s e n t in  f o s s i l  f u e ls  in  low c o n c e n tra tio n s  and have been 
a s so c ia te d  w ith  o i l  s p i l l s  (Mix and S c h a ffe r , 1983). Pancirov  and 
Brown (1977) found only  minor amounts o f th e se  compounds in  a q u a tic  
organism s from th e  Chesapeake and R a rita n  b ay s . These compounds were 
d e te c te d  in  b lu e  crabs in  much lower c o n c e n tra tio n s  th an  th e  ASPAH. 
B ie r i  e t  a l . (1982) found h ig h e r le v e ls  o f  n o n su b 6 titu ted  aro m atic6 
than  ASPAH in  Bay sedim ents and o y s te r s ,  a lthough  le v e ls  in  th e  l a t t e r  
were much lower than  in  th e  fo rm er. H ighest le v e ls  o f  n o n su b s titu te d  
arom atics were found in  th e  a re a  o f th e  developed lower James R iver 
(Table 7 ) .  C o n cen tra tio n s  determ ined in  samples from th e  upper James 
exceeded th o se  from b o th  th e  Pocomoke Sound and Rappahannock R iver
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s t a t io n s .  D is tr ib u t io n s  were in  agreement w ith  th e  le v e l  o f  urban and 
in d u s t r i a l  development p re se n t in  th e se  a r e a s .
The p o ly c h lo r in a te d  b ip h e n y ls , u n lik e  th e  ASPAH and 
n o n su b s titu te d  arom atics  which may be produced in  n a tu ra l  p ro c e s s e s , 
a re  e x c lu s iv e ly  s y n th e t ic a l ly  produced . As such they  a re  good m arkers 
o f  an thropogenic a c t i v i t y .  PCB e x i s t  as a fam ily  o f  isom ers in  
commercial p re p a ra tio n s  (209 isom ers a re  p o s s ib le ,  rang ing  up to  te n  
c h lo rin e s  on th e  b iph en y l m o le c u le ) . C h lo rin e  co n ten t i s  u s u a lly  
between 40 and 60 p e rc e n t .  T h e ir d i s t r i b u t io n  in  th e  environm ent i s  a 
fu n c tio n  o f th e  p h y s ic a l and chem ical p ro p e r t ie s  o f  th e  in d iv id u a l 
isom ers. W ater s o lu b i l i ty  d ec reases  w ith  in c re a s in g  c h lo rin e  
s u b s t i tu t io n .  T heir accum ulation w ith in  b io ta  i s  a lso  determ ined by 
th e  number o f c h lo r in e s  p r e s e n t .  G enerally  th e  h ig h e r c h lo rin a te d  
isom ers a re  p r e f e r e n t i a l ly  taken  up and a re  more d i f f i c u l t  to  
m e tab o lize  (G o ld s te in , 1980; McLeese e t  a l . .  1980). Shaw and C onnell
(1982) found, th a t  PCB isom ers w ith  seven o r more c h lo r in e s  were taken  
up in  e s tu a r in e  organism s to  a le s s e r  e x te n t than  th e  f iv e  and s ix  
c h lo r in e  compounds, due to  s t e r i c  c o n s id e ra tio n s .  C h lo rin a tio n  
p a t te rn  i s  a lso  im portan t in  determ in ing  th e  b io lo g ic a l  f a te  o f PCB. 
The absence o f c h lo r in e s  on two a d jacen t carbons g r e a t ly  f a c i l i t a t e s  
th e  b io tra n s fo rm a t ion p ro cesses  (Guiney and P e te rso n , 1980).
These chem ical f a c to r s  s tro n g ly  in flu en ced  th e  le v e ls  o f PCB 
d e te c te d  in  th e  c rab s  an a ly zed . B iphenyls p o sse ss in g  from f iv e  to  
seven c h lo r in e s  predom inated . C o n c e n tra tio n s , u n co rrec ted  fo r  th e  
d ecreased  s e n s i t i v i t y  shown c h lo r in a te d  compounds by th e  FID d e te c to r ,  
ranged from n o n d e tec ta b le  to  131 ug kg * (based  on th e  summation o f 
th e  q u a n t i t ie s  measured fo r  th e  in d iv id u a l isom ers) in  th e
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hepatopancreas on a d ry  w eight b a s i s .  The mean was 21 ug kg * . This 
was in  agreem ent w ith  th e  low le v e ls  found in  b lu e  c rab s  from the  
Maryland p o r tio n  o f th e  Bay by E isenburg e t  a l . (1 9 8 0 ). Reid (1983) 
re p o rte d  A rochlor 1254 re s id u e s  averag ing  on ly  10 ug kg * in  c rabs 
from Long Is la n d  Sound b u t v a lues  40 tim es h ig h e r in  R a rita n  Bay.
I t  i s  in te r e s t in g  to  n o te  th e  d i s t r i b u t io n  o f  PCB burden by 
sam pling s i t e .  ANOVA d ec la red  th e  p r o b a b i l i ty  o f th e  hyp o th esis  o f no 
d if fe re n c e  between sam pling s i t e s  to  be 0 .10  (much le s s  than  th e  0.89 
observed w ith  th e  ASPAH). C o n s id e ra tio n  o f th e  mean c o n c e n tra tio n s  
d e te c te d  in  th e  c rab s  showed th a t  h ig h e r  le v e ls  were p re se n t in  
samples from th e  James R iver than  from e i th e r  th e  Rappahannock or 
Pocomoke Sound. L evels were comparable between th e  u p r iv e r  and th e  
lower s i t e .  Thus, th e  p rim ary  source o f  th e  PCB seemed cen te red  in  or 
near th e  James R iv e r. This same co n c lu sio n  was no t ap paren t w ith  the 
ASPAH. The p o s s i b i l i t y  e x is t s  th a t  th e re  was a c o n s id e ra b le  u p riv e r  
in p u t; however, th i s  was n o t co n c lu siv e  due to  th e  h ig h  re s id en c e  time 
o f PCB ( r e s is ta n c e  to  b io tra n s fo rm a tio n )  in  c r a b s .  Crabs a t  th e  upper 
s ta t io n  may have been supplem ented by m ig ran ts  from th e  in d u s tr ia l iz e d  
lower James which had r e ta in e d  th e i r  PCB bu rden .
M etab o lite s  o f th e  p e s t ic id e  p,p'-DDT were d e te c te d  in  s e v e ra l o f 
th e  sam ples. The use o f  DDT haB been banned s in c e  1970. However, 
B ie r i  e t  a l . (1982) d e te c te d  s ig n i f i c a n t  c o n c e n tra tio n s  o f  p,p'-DD T, 
along w ith  PCB, in  sedim ent from a m id-bay s t a t io n  in  th e i r  
exam ination o f to x ic  o rg an ic  compounds in  th e  Chesapeake Bay. They 
hypothesized  th a t  th e i r  p resence  was due to  a  re c e n t dumping in c id e n t,  
o r a r e le a s e  from th e  d e te r io r a t io n  o f  a  c o n ta in e r  p re v io u s ly  
d isca rd ed  co n ta in in g  th e  compounds, s in c e  m e ta b o lite s  o f p,p'-DDT were
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no t d e te c te d .  In  th e  c rab s  analyzed in  t h i s  re s e a rc h  b o th  p,p'-DDE 
and p,p'-DDD were found, a lthough  th e  form er was much more common. Mo 
p a re n t DDT was d e te c te d .  R esidues in  b lu e  c rab s  were more commonly 
encountered  in  samples from th e  lower Jam es. The predominance o f DDE 
over DDD was in  agreem ent w ith  o th e r  w orkers (Giam e t  a l . .  1972; Eder 
e t  a l . .  1976; S h erid an , 1975) examining le v e ls  in  m arine and e 6 tu a r in e  
o rgan ism s. Murphy (1970) determ ined th a t  DDE was p r e f e r e n t ia l ly  
accum ulated over DDD in  a q u a tic  organism s a t  h igh  s a l i n i t i e s  when b o th  
m e ta b o lite s  were p re se n t in  th e  w ater in  id e n t ic a l  c o n c e n tra tio n s .
Two u n id e n tif ie d  c h lo r in a te d  compounds were d e te c te d  in  th e  
t i s s u e s  o f th e  b lu e  c ra b . Compounds e x h ib itin g  r e te n t io n  tim es 
s im ila r  to  th e se  compounds appeared in  12 o f th e  83 samples analyzed . 
They were encountered  most f re q u e n tly  in  th e  Pocomoke Sound.
H igher q u a n t i t i e s  o f PCB, a lk y l  s u b s t i tu te d  arom atic  hydrocarbons 
and un reso lv ed  envelope components were found in  June than  in  
Septem ber. A sp rin g  maximum has been noted  by o th e r  re se a rc h e rs  
(O lsson e t  a l . .  1978; Edgren e t  a l . .  1981). H ater ru n o ff  from urban 
a rea s  i s  a s ig n i f ic a n t  sou rce  o f p o l lu ta n t  in p u t, e s p e c ia l ly  
hydrocarbons (Gschwend and H ite s ,  1981), and may c o n tr ib u te  to  th i s  
p a t t e r n .  The problem  o f te n  becomes c r i t i c a l  du ring  th e  sp rin g  when 
heavy r a in s  cause d i r e c t  d isch a rg e  o f contam inated overflow  d i r e c t ly  
in to  waterways (Herrmann and Huebner, 1982). An example o f th i s  
occurred  in  th e  Hampton Roads a rea  ju s t  p r io r  to  th e  June f ie ld  
sam pling . Heavy r a in s  r e s u l te d  in  ex cess iv e  p re s su re  a t  a pumping 
s t a t i o n ,  r e le a s in g  20,800 g a llo n s  o f sewer w ater in to  th e  James and 
fo rc in g  th e  c lo s in g  o f  a f iv e  m ile  s e c tio n  o f th e  r i v e r  to  s h e l l f i s h  
h a rv e s tin g .  Heavy r a in s  a ls o  cause s o i l  e ro s io n  w ith  a tte n d a n t
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le ach in g  and t r a n s p o r ta t io n  o f  m a te r ia l ,  in c lu d in g  p o l lu ta n t s ,  to  
r iv e r s  and th e  Bay. E rosion  i s  p a r t i c u la r ly  acu te  where th e  land has 
been denuded o f  v e g e ta t io n ,  o f te n  th e se  a re  developed a rea s  having th e  
h ig h e s t le v e ls  o f p o l lu ta n t s .
Seasonal v a r ia t io n s  in  p o l lu ta n t  le v e ls  have been c o r re la te d  w ith  
b io lo g ic a l  param eters  as w e ll .  Changes in  l ip id  co n ten t and feed ing  
h a b i ts  were c i te d  a6 p o s s ib le  ex p lan a tio n s  (R e in e rt and Bergman, 1974; 
P h i l l i p s ,  1978). No s ig n i f i c a n t  d if fe re n c e s  in  m ethylene c h lo r id e  
e x t r a c ta b le  l i p id s  were found between crabs c o l le c te d  in  June and 
Septem ber. However, Rouse (1972) re p o rte d  lower glycogen le v e ls  in  
l a t e  summer th an  sp rin g  in  th e  b lue  crab  and in c reased  m olting  
frequency  w ith  warmer te m p era tu re s .
Water tem pera tu re  e x e r ts  an in flu e n c e  on th e  le v e ls  o f 
x e n o b io tic s  in  p o ik ilo th e rm ic  m arine organism s. V aranasi e t  a l .
(1981) fo rc e -fe d  n aph tha lene  to  ju v e n ile  s ta r r y  f lo u n d er and re p o rte d  
2 to  15 tim es as much p re s e n t in  th e  t i s s u e s  o f f i s h  he ld  a t  4°C as 
th o se  a t  12°C. A fte r  one week f i s h  m ain tained  a t  4°C co n ta in ed  26 to  
34 tim es g r e a te r  c o n c e n tra tio n s  than  those  a t  12°C. James e t  a l .
(1979) found a c t i v i t i e s  o f  mixed fu n c tio n  oxygenase to  be much h ig h e r 
a t  warmer te m p e ra tu re s . T h e re fo re , d if fe re n c e s  in  c o n c e n tra tio n s  o f  
p o l lu ta n t s  may be due to  d if fe re n c e s  in  b io tra n s fo rm a tio n  r a te s  a t  
va ry in g  te m p e ra tu re s . M icro b ia l and p h y s ic a l d eg rad a tio n  o f 
p o l lu ta n ts  in  th e  a q u a tic  environm ent may have been lower in  June as 
w e ll .  Lowered w ater tem pera tu res in  th e  Bay p robab ly  c o n tr ib u te d  to  
th e  h ig h e r  p o l lu ta n t  le v e ls  observed in  c rab s  c o l le c te d  in  June.
The n o n s u b s titu te d  arom atic  hydrocarbons were p re s e n t in  h ig h e r 
c o n c e n tra tio n s  in  th e  t i s s u e s  o f  b lu e  crabs sampled in  September than
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Ju n e . As n o te d , q u a n t i t ie s  were low, making d e ta i le d  conclusions 
unw ise. C o n trib u tin g  to  th e  le v e ls  d e te c te d  was th e  compound 
p e ry le n e , thought to  be a t  l e a s t  p a r t i a l l y  d e riv ed  from th e  
decom position o f  t e r r e s t r i a l  m a te r ia l  under reducing  c o n d itio n s .  I t s  
fo rm ation  i s  a r e l a t i v e ly  slow p ro cess  and ap p re c ia b le  q u a n t i t ie s  have 
been d e te c te d  in  deep sea  sedim ents o f f  is o la te d  c o a s t l in e s  ( T is s ie r  
and S a l io t ,  1981). T h e re fo re , p e ry le n e  may n o t have been co n trib u te d  
to  th e  c rab s  by an e x c lu s iv e ly  an thropogen ic so u rce .
A v ery  s tro n g  c o r r e la t io n  o f PCB and a lk y l s u b s t i tu te d  arom atic 
hydrocarbons w ith  t i s s u e  type was found. The n u l l  h y p o th esis  o f no 
d if fe re n c e  in  c o n c e n tra tio n  fo r  th e se  su b stan ces  between 
hepatopancreas and m uscle had an F p r o b a b i l i ty  o f le s s  than 0.01 (Four 
Vay ANOVA). T his p r e f e r e n t ia l  accum ulation agreed w ith  th e  r e s u l t s  o f 
o th e r  re s e a rc h e rs  working w ith  c ru s tac ean s  (Palmork and Solbakken, 
1980; T a rs h is ,  1981). C oncen tra tio n s  o f  un reso lved  envelope 
components and n o n su b s titu te d  arom atic  hydrocarbons a lso  follow ed th i s  
p a t te r n .  H igher l ip id  co n ten t was observed in  th e  hepatopancreas 
(mean 34%) compared to  muscle (mean 4%) and c o n tr ib u te d  to  th e  h igher 
le v e ls  o f th e  l ip o p h i l ic  p o l lu ta n ts  observed in  th e  form er t i s s u e .  
P i l l a y  and N air (1973) rep o rte d  s im ila r  l ip id  f ig u re s  in  th e i r  
b iochem ical exam ination o f decapod c ru s ta c e a n s .
Another f a c to r  c o n tr ib u tin g  to  th e  e le v a te d  p o l lu ta n t  load o f  the  
hepatopancreas i s  i t s  fu n c tio n  as th e  major s to ra g e  and d e to x if ic a t io n  
s i t e  in  th e  c ra b . Lee e t  a l . (1976) found hydrocarbons were qu ick ly  
accum ulated in  th e  hepatopancreas o f b lu e  c rab s  a f t e r  exposure in  both  
food and w a te r . I t  i s  reaso n ab le  to  expect th a t  a f t e r  exposure to  
x e n o b io tic s  some o f th e  i n i t i a l  p o l lu ta n t  burden in  th e  hepatopancreas
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m ight be r e d is t r ib u te d  to  o th e r  t i s s u e s  o f  th e  c ra b , such as th e  
m uscle . Owing to  th e  r e l a t i v e ly  low l i p id  co n ten t o f m uscle i t  i s  
im probable th a t  h igh  co n c e n tra tio n s  would be b u i l t  u p . However, due 
to  th e  la rg e  c o n tr ib u tio n  th e  m uscle t i s s u e  makes to  th e  mass o f th e  
organism , and th e  low MFO a c t iv i t y  i t  p o s se sse s , le v e ls  a re  g e n e ra lly  
no t n e g l ig ib le  and may be expected to  p e r s i s t  fo r  a s u b s ta n t ia l  p e rio d  
o f  tim e . V aranasi e t  a l . (1982) no ted  th a t  unm etabolized 
benzo(a)pyrene was tra n sp o rte d  from th e  l i v e r  to  th e  ovary  in  E ng lish  
s o le .  A lthough g r e a te r  q u a n t i t ie s  were found in  th e  l i v e r ,  a la rg e r  
p e rcen tag e  o f th e  r a d io a c t iv i ty  in  th e  gonad a f t e r  168 hours was 
a s so c ia te d  w ith  unconverted  B (a)P . Lee e t  a l . (1976) re p o rte d  a 
g r e a te r  amount o f  ra d io la b e le d  hydrocarbon a s s o c ia te d  a c t iv i t y  in  th e  
m uscle than  th e  ov ary , based on t o t a l  t i s s u e  burden . The 
r e d i s t r i b u t io n  o f re s id u e s  to  s i t e s  where th e  p o l lu ta n t  i s  le s s  
a c c essab le  to  b io tra n s fo rm a tio n  by m e tab o liz in g  enzymes may have been 
p a r t i a l l y  re sp o n s ib le  fo r  th e  b ip h a s ic  e lim in a tio n  observed in  
organism s a f t e r  exposure to  x e n o b io tic s .  A p o s s ib le  m a n ife s ta t io n  of 
th i s  e f f e c t  was th e  la rg e  in te r a c t io n  between month o f  sampling and 
t i s s u e  seen in  th e  b lu e  crabs examined in  th i s  study  (F p r o b a b i l i ty  o f 
no in te r a c t io n  e f f e c t  fo r  ASPAH was 0 .03 and 0 .06 fo r  PCB). Levels in  
m uscle t i s s u e  r e l a t i v e  to  hepatopancreas in c reased  in  Septem ber, 
compared w ith  th o se  in  June. T his r e te n t io n  o f  x e n o b io tic s  in  
m e ta b o lic a lly  is o la te d  re se rv e s  was supported  by th e  d ecrease  in  
b io tra n s fo rm a tio n  r a t e  apparen t du ring  th e  in - la b o ra to ry  exposures 
conducted in  th i s  study  and by o th e rs  (T a rs h is ,  1981; Guiney and 
P e te rso n , 1980).
The sex and m a tu r ity  o f th e  c rab s  had a s tro n g  in flu en ce  on the  
le v e ls  o f ASPAH. A dult fem ales and ju v e n ile  males had h ighe r 
c o n c e n tra tio n s  than  e i th e r  a d u lt  males o r ju v e n ile  fem ales . A lthough 
t h i s  d i s t r i b u t io n  was s tro n g ly  in flu en ced  by two samples co n ta in in g  
h igh  ASPAH lo a d s , rep lacem ent o f  th e se  w ith  median v a lu es  d id  not 
a l t e r  th e  o rd er o f  th e  means. No s ig n i f ic a n t  d if fe re n c e s  in  l ip id  
le v e ls  between th e  two a d u lt groups o r between th e  ju v e n ile  
c l a s s i f i c a t io n s  were d e te c te d . T h e re fo re , sim ple p a r t i t i o n in g  in to  
l ip id s  does no t appear to  be th e  re a so n . However, l ip id  m a te r ia l  was 
no t f u r th e r  c h a ra c te r iz e d .  I t  i s  p o s s ib le  th a t  d i f f e r e n t  c la s s e s  o f 
l i p id s  may be p re s e n t ;  p o l lu ta n ts  may p a r t i t i o n  p r e f e r e n t i a l ly  in to  
some o f  th e s e .
In te r a c t io n s  between m o n th -sex /m a tu rity  and t is s u e - s e x /m a tu r i ty  
were suggested  by th e  d a ta  (F s ig n if ic a n c e s  0 .09  and 0.06 
r e s p e c t iv e ly ) .  A dult fem ales co n ta in ed  more ASPAH in  hepatopancreas 
r e l a t i v e  to  m uscle than th e  o th e r  groups ( t h i s  may a lso  have been 
a f fe c te d  by th e  recency  o f petro leum  ex p o su re ). Ju v e n ile  fem ales were 
th e  on ly  group th a t  showed an in c re a se  in  ASPAH in  September compared 
w ith  Ju n e . When th e  above m entioned extrem e v a lu es  were removed, 
ju v e n ile  males a lso  e x h ib ite d  an in c re a se  in  Septem ber. A p o s s ib le  
e x p la n a tio n  fo r  th i6  phenomenon i s  r e la te d  to  th e  m olt c y c le .
Ju v e n ile  c rab s  m olt a t  a much h ig h e r frequency than  m ature crabs 
( a d u l t  fem ales do n o t m o l t) .  In - la b o ra to ry  experim ents suggested  th a t  
th e  b io tra n s fo rm a t ion  o f  x e n o b io tic s  was reduced du ring  e c d y s is . This 
might have r e s u l te d  in  in c re a se s  in  ASPAH in  ju v e n i le s ,  e s p e c ia l ly  
d u ring  th e i r  e a r ly  growth p h ases .
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Sex and m a tu rity  o f  th e  b lu e  c rab s  sampled ex e rted  le s s  o f an 
in flu en ce  on th e  le v e ls  o f  PCB d e te c te d  ( p r o b a b i l i ty  o f  th e  h y po thesis  
o f no d if fe re n c e  between groups 0 .2 8 ) .  The same in te ra c t io n s  as in  
th e  ASPAH were ap p re c ia b le  fo r  th e  PCB (m on th -sex /m atu rity  0 .0 7 , 
t i s s u e - s e x /m a tu r i ty  0 .08 )
When c e l l  freq u en c ie s  fo r  th e  m o n th -sex /m atu rity  groups were 
examined i t  was seen th a t  PCB co n c e n tra tio n s  in  ju v e n ile  and a d u lt 
males were s im ila r  in  th e  June and September sam plings. An in c re a se  
was found in  ju v e n ile  fem ales and a d ec re a se  in  a d u lt  fem ales between 
th e  two sampling d a te s .  This may be exp la ined  by t h e 'd i f f i c u l t y  
involved in  th e  m e ta b o liz a tio n  o f  PCB w ith  f iv e  o r more c h lo r in e s .  
Levels would be expected to  e i th e r  remain s ta b le  o r to  in c re a se  over 
th e  summer. The decrease  in  th e  co n c e n tra tio n s  in  th e  a d u lt fem ales 
in  September might be due to  th e  p a r t i t io n in g  o f  re s id u e s  in to  th e  egg 
m asses. R oberts and L egge tt (1980) hypo thesized  th a t  egg e x tru s io n  
was a p r in c ip le  ro u te  o f Kepone e lim in a tio n  from a d u lt fem ales in  th e  
Chesapeake Bay, p r im a r ily  v ia  lo s s  from th e  o v a ry . However, they  
noted e lev a te d  Kepone co n c e n tra tio n s  in  m uscle and hepatopancreas 
a f t e r  e x tru s io n , and thought them to  be d e riv ed  from th e  re s o rp tio n  o f 
egg a s so c ia te d  re s id u e s .  This compound i s ,  as i s  th e  h ig h ly  
c h lo r in a te d  PCB, ex trem ely  r e s i s t a n t  to  b io tra n s fo rm a tio n . Schimmel 
e t  a l . (1979) exposed b lu e  crab s  to  Kepone fo r  28 d ay s . A fte r  a 28 
day d ep u ra tio n  p erio d  no lo s s  o f  th e  compound was d e te c te d . The 
s e x /m a tu r i ty - t is s u e  in te r a c t io n ,  in  th e  c u r re n t s tu d y , fo r  th e  PCB was 
due p r im a r ily  to  th e  h ig h e r r a t i o  o f hepatopancreas to  muscle in  the  
a d u lt fem ales compared to  th e  o th e r  g ro u p s . T h is was s im ila r  to  th e  
p a t te rn  seen w ith  th e  ASPAH. Due to  th e  ra p id  b io tra n s fo rm a t ion o f
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th e  hydrocarbons, egg e x tru s io n  i s  though t to  be le s s  im portan t fo r  
arom atic  hydrocarbon e lim in a tio n  th a n  fo r  th e  p e r s i s te n t  c h lo r in a te d  
compounds.
C o n cen tra tio n s  o f ASPAH in  o v a r ie s  o f  a d u lt  fem ales w ithou t 
ex truded  eggs were in te rm ed ia te  between th o se  o f  hepatopancreas and 
m uscle in  th e  same c ra b s . T his was expected  when th e  l i p id  co n ten t o f 
th e  ovary was co n s id e re d . P e rcen t m ethylene c h lo r id e  e x tra c ta b le  
l ip id  o f  ov ary , on a d ry  w eight b a s i s ,  was 18.3% v e rsu s  34.0% in  
h ep a to p an creas, and 4.3% in  m uscle . U n fo rtu n a te ly , s in c e  a d u lt 
fem ales w ith  ex truded  eggs were no t a v a i la b le  a t  most sam pling s i t e s  
on th e  d a te s  re q u ir e d ,  sample s iz e  was sm a ll. A na ly sis  o f  th e  eggs 
from th e  c rab s  o b ta ined  rev ea led  c o n c e n tra tio n s  g r e a te r  than  ovary bu t 
le s s  than  h ep a to p an creas . Thus e x tru s io n  could  r e s u l t  in  red u c tio n s  
in  t o t a l  l ip o p h i l i c  p o l lu ta n t  body b u rd en s . This was in  agreement 
w ith  th e  r e l a t i v e  o rd er h y p o thesized  on a p e rc e n t l i p id  c o n s id e ra tio n  
(eggs co n ta in ed  26.6% l i p i d ) .  N iim i (1983) found a s im ila r  
p a r t i t io n in g  o f  contam inants in to  eggs o f  f i s h  based on l ip id  
c o n s id e ra tio n s .  Crabs w ith  ex truded  eggs co n ta in ed  lower ASPAH 
re s id u e s  in  th e  ovary than  fem ales w ith o u t eggs, a lth o u g h  sample s iz e  
was sm a ll. T his was supported  by th e  work o f R oberts and L eggett
(1980 ). D ata fo r  th e  PCB p a r a l le le d  th a t  o f  th e  ASPAH.
S ev era l h e te ro s u b s t i tu te d  arom atic  hydrocarbons were d e te c te d  in  
th e  c ra b s .  D ibenzofuran , b e n z o th ia z o le  and d ibenzo th iophene were 
common env ironm enta l co n tam inan ts . Benzaldehyde was d e te c te d  in  
se v e ra l sam ples. I t  i s  used in  th e  m anufacture o f d y es , perfumes and 
s o lv e n ts .  However, i t  has a lso  been found a6 a contam inant in  the
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to lu en e  used as a so lv e n t in  t h i s  re s e a rc h . C is and tra n s -4 -p h e n y l-3 -  
b u te n e -2 -o n e , p re c u rso rs  in  th e  p ro d u c tio n  o f p l a s t i c s  and 
in te rm e d ia te s  in  th e  s y n th e s is  o f s te ro id s  and v itam in s (The Merck 
Index , 1976) were d e te c te d .  I t  may a lso  be produced by th e  r e a c t io n  
o f  benzaldehyde w ith  ace tone under b a s ic  aqueous c o n d itio n s  (F in e  e t  
a l . . 1980). A cetone was used in  s e v e ra l phases o f  th e  p ro je c t  to  
r in s e  g la ssw a re .
In  a d d i t io n ,  1 ,l '-b ip h e n y l-2 -a m in e  was found in  th e  t i s s u e s  o f 
b lu e  c ra b s .  The isom er 1 , l ''-b ip h e n y l-4 -a m in e , fo rm erly  used in  th e  
rubber in d u s try  as an a n t io x id a n t (F a rk e s , 1976), i s  a p o te n t 
ca rc in o g en .
R esu lts  o f  th e  la b o ra to ry  exposure o f  t e s t  groups o f a d u lt 
in te rm o lt m ales and fem ales , ju v e n ile  in te rm o lt and m olting  fem ales to  
le s s  th an  one ug 1 * t r i t iu m  la b e le d  benzo(a)pyrene confirm ed th a t  
s ig n i f i c a n t  b ioaccum ula tion  o f  hydrocarbons from low environm ental 
le v e ls  i s  p o s s ib le .  Due to  th e  a b i l i t y  o f  th e  crab  to  e lim in a te  th e se  
a rom atic  compounds (Lee e t  a l . .  1976) th e  h igh  le v e ls  o f a lk y l 
s u b s t i tu te d  aro m atic  hydrocarbons in  th e  c rab s  sampled from th e  f i e l d  
were though t to  be th e  r e s u l t  o f  a very  re c e n t c o n ta c t w ith  p e tro leum .
Table 11 shows th e  t o t a l  a c t i v i t y  v a lu es  in  hepatopancreas 
ob ta in ed  from th e  a n a ly s is  o f n o n ex trac ted  t i s s u e .  Values were 
expressed  as micrograms o f  t r i t iu m  la b e led  m a te r ia l ,  in c lu d in g  bo th  
B(a)P and m e ta b o li te s ,  p e r  t i s s u e ,  as w e ll as on a p e r gram b a s i s .  
These r e s u l t s  were compared w ith  th o se  o b ta ined  by Lee e t  a l . (1976) 
which a lso  appear in  th e  t a b l e .  Lee and h is  a s s o c ia te s  employed only  
ju v e n ile  c rab s  (sex  no t in d ic a te d )  in  h is  work on up take  o f B(a)P from 
w a te r . H igher up take  v a lu e s  were o b ta ined  in  th e  p re s e n t study  a f t e r
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24 hours o f exposure to  B(a)P than  a f t e r  48 hours in  th e  experim ents 
o f  Lee e t  a l . (1976). They re p o r te d  no f u r th e r  in c re a se s  in  uptake 
a f t e r  48 hours in  p re lim in a ry  ex p erim en ts . Obana e t  a l . (1983) found 
le v e ls  o f B(a)P accum ulated from w ater to  reach  a maximum in  sh o rt 
necked clams a f t e r  24 h o u rs .
A ll t e s t  groups e x h ib ite d  com parable, e lev a te d  up take  o f B(a)P . 
S ev era l f a c to r s  may have c o n tr ib u te d  to  t h i s  d isc rep an cy  w ith  th e  d a ta  
o f  Lee e t  a l . (1976 ). As noted  in  th e  r e s u l t s  s e c t io n ,  s ig n if ic a n t  
p a r t i c u la te  m a tte r  was p re se n t in  th e  exposure ta n k . A sso c ia tio n  o f 
th e  B(a)P w ith  th i s  m a te r ia l  may have led  to  enhanced u p ta k e . A lso , a 
g r e a te r  volume o f c a r r i e r  per microgram o f  B(a)P was employed in  th i s  
s tudy  to  ensu re  op tim al s o lu tio n  and d is p e rs io n  o f th e  compound in  the  
h o ld ing  ta n k . This c a r r i e r  may have f a c i l i t a t e d  th e  up take o f  B(a)P . 
Lee e t  a l . (1976) re p o rte d  an approx im ate ly  20% lo ss  o f  th e  
ra d io la b e le d  hydrocarbon from th e  a q u a ria  u t i l i z e d  in  h i6  experim en ts, 
a t t r ib u t in g  h a l f  o f t h i s  lo ss  to  up take  by th e  c ra b s .  Numbers o f 
c rabs p e r  l i t e r  o f w ater were com parable in  th e  two s tu d ie s .  In  th i s  
re s e a rc h  a d u lt  c rabs as w ell as ju v e n ile s  were u sed . The a d u lts  
p ossessed  g r e a te r  c a p a c ity  fo r  s to ra g e  o f  th e  B(a)P v ia  th e i r  la rg e r  
s i z e .  Losses from th e  tank  w ater were co rresp o n d in g ly  h ig h e r . The 
s p e c if ic  a c t i v i t y  o f th e  ra d io la b e le d  compound was a ls o  co n sid e rab ly  
h ig h e r than  th a t  employed in  th e  e a r l i e r  study  (7 0 .5  Ci/mmol versus 
25.2  C i/m m ol), a llow ing  th e  u se  o f  a lower B(a)P c o n c e n tra tio n  (0 .9  ug 
1 * v e rsu s  2 .5  ug 1 * ) .  McLeese e t  a l . (1980) re p o r te d  g re a te r  up take 
e f f ic ie n c y  a t  lower c o n c e n tra tio n s  in  American lo b s te r  fo r  PCB.
H arding and Vass (1979) noted l in e a r  up take over a range  o f 
c o n c e n tra t io n s .
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I f  th e  24 hour up take  v a lu e  fo r  ju v e n ile  in te rm o lt fem ales was 
expressed  on a  ug kg  ^ b a s is  a  v a lu e  o f about 50 ug kg * was o b ta in e d . 
Of t h i s  50 ug kg * an a p p re c ia b le  p o r tio n  o f  th e  ra d io la b e le d  m a te r ia l  
was in  th e  form o f  p o la r  m e ta b o li te s , and th u s  would no t be d e te c te d  
u s in g  co n v en tio n a l nonpolar hydrocarbon d e te c tio n  p ro ced u res . The 
b lu e  crab  t i s s u e  sam ples examined from th e  f ie ld  in  th i s  study  had 
id e n t i f i a b le  ASPAH c o n c e n tra tio n s  as h igh  as 1094 ug kg The 
accompanying un reso lv ed  envelope had an a rea  o f approxim ately  9820 ug 
kg * . Some o f  th e  components com prising th i s  envelope were p robably  
hydrocarbon m e ta b o li te s ,  a lthough  many were removed from th e  e x tra c t  
examined v ia  th e  p re p a ra t iv e  HPLC s te p  employed. Obana e t  a l . (1983) 
re p o r te d  a b io c o n c e n tra tio n  f a c to r  fo r  B(a)P in  clams o f about 3000. 
O bviously th e  v a lu e  fo r  b lu e  c rab s  i s  much low er. Spacie e t  a l .
(1983) noted lower B(a)P c o n c e n tra tio n s  in  b lu e g i l l  than  expected , 
based on e i th e r  p a r t i t i o n  c o e f f ic ie n ts  or r a t e  c o n s ta n ts  in  in ­
la b o ra to ry  ex p o su res . A nthracene behaved much more id e a l ly .  They 
hypo thesized  th a t  th e  d if fe re n c e s  were due to  h igh  b io tran sfo rm a t ion 
o f  B (a)P . D ata from f i e ld  s tu d ie s  (R e id , 1983; E isenberg  e t  a l . ,
1980) suggest b lu e  c rab s  p o sse ss  lower p o llu ta n t  burdens than many 
o th e r  o rgan ism s.
L evels o f  ra d io la b e le d  m a te r ia l  in  a d u lt males and fem ales a f t e r  
24 hours o f exposure were h ig h e r than  co n c e n tra tio n s  in  e i th e r  
in te rm o lt o r newly m olted ju v e n ile  fem ales . R e sp ira tio n  ra te 6  fo r 
a d u lt6  a re  g r e a t e r ,  due to  th e  lower su rfa c e  a rea  a tte n d e n t w ith  
la rg e r  s iz e ,  r e s u l t in g  in  passage o f g re a te r  w ater volumes through th e  
g i l l s  (Lewis and H aefner, 1978). T his may have r e s u l te d  in  g re a te r  
exposure to  w ater borne B(a)P and a subsequent e le v a tio n  in  uptake
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over th e  sm a lle r  c ra b s .  Kamimura (1980) determ ined th a t  up take o f  
heavy m e ta ls  in  s h e l l f i s h  in c reased  as a fu n c tio n  o f in c re a se s  in  s o f t  
t i s s u e  w e ig h t, e s p e c ia l ly  midgut g la n d . A dult c rabs p o ssess  a  la rg e r  
l i p id  r e s e rv e ,  th u s  g r e a te r  q u a n t i t ie s  p e r crab  may be accum ulated.
To in v e s t ig a te  th i s  p o s s i b i l i t y ,  a c t i v i t y  was c a lc u la te d  on a per gram 
b a s i s .  C o n cen tra tio n s  in  newly m olted fem ales were s im ila r  to  a d u l t  
in te rm o lt m ales su g g estin g  th a t  t i s s u e  s iz e  was im portan t in  re g a rd s  
to  b u rd en s .
I n i t i a l l y ,  i t  was f e l t  th a t  ju v e n ile  males and fem ales would be 
exposed to  s im i la r ly  p o llu te d  environm ents in  th e  f i e l d ,  and would 
po ssess  s im ila r  p a t te rn s  o f up take and e l im in a tio n . T h e re fo re , in  
o rd e r  to  reduce th e  experim ent to  a manageable s iz e  on ly  th e  ju v e n ile  
fem ale group was u t i l i z e d  in  th e  la b o ra to ry  ex posu res . Exam ination of 
th e  f i e ld  d a ta  c o l le c te d  on th e  c o n c e n tra tio n s  o f p o l lu ta n ts  in  b lu e  
c rab s  from th e  Chesapeake Bay e s tu a ry  causes th i s  h y p o th esis  to  be 
doub ted .
S im ila r loads o f ra d io la b e le d  e n t i t i e s  were d e te c te d  in  th e  
ju v e n ile  in te rm o lt and newly m olted fem ales a f t e r  24 hours o f  exposure 
to  t r i t i u m  la b e led  B (a)P . When th e  d a ta  were expressed  on a 
c o n c e n tra tio n  r a th e r  than  a t o t a l  organ burden b a s is  th e  m o lting  group 
e x h ib ite d  h ig h e r l e v e l s .  D iffe ren ce s  in  p e rce n t m ethylene c h lo r id e  
e x t ra c ta b le  l i p id  between th e se  groups were n e t la rg e  (F s ig n if ic a n c e  
0 .3 8 ) .  Lawrence (1976) noted in  Cancer naeurus th e  a b i l i t y  to  re so rb  
e n t i r e  body components r a th e r  than  a l te r in g  l i p id  c o n c e n tra tio n  du rin g  
p e rio d s  o f  in te r ru p te d  feed in g . D ecreases in  t o t a l  l i p id  co n ten t a t  
ecd y sis  were a ls o  observed . No d if fe re n c e s  in  p e rc e n t l ip id  co n ten t
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o r hepatopancreas d ry  w eight between ju v e n ile  in te rm o lt and newly 
m olted fem ales were found in  th e  p re s e n t s tu d y .
Crabs experience an oxygen d eb t du ring  ecd y sis  (Lewis and 
H aefner, 1976), which must be compensated f o r ,  r e s u l t in g  in  h igh 
r e s p i r a t io n  r a te s  fo llow ing  m o ltin g . In  a d d i t io n ,  b lu e  c rabs a c t iv e ly  
d rin k  copious volumes o f  w a te r , in c re a s in g  th e i r  volume a t  th e  tim e o f 
m o lt. S cheffe a n a ly s is  o f  th e  d if fe re n c e s  in  w ater co n ten t o f  the  
hepatopancreas between ju v e n ile  in te rm o lt and newly m olted fem ales 
were s ig n i f ic a n t  a t  th e  0 .0 5  le v e l .  These fa c to r s  could c o n tr ib u te  to  
th e  h ig h e r co n c e n tra tio n s  o f  B(a)P accum ulated in  th e  newly molted 
g ro u p .
R esearch by V aranasi e t  a l . (1981) w ith  flo u n d er has shown th a t  
b io tra n s fo rm a tio n  o f  B(a)P is  r a p id .  Samples taken  o f  l iv e r  showed 
th a t  only  2% of th e  la b e le d  m a te r ia l  p re se n t was in  th e  form o f the  
p a ren t compound 24 hours a f t e r  exposu re . S inger and Lee (1977) 
suggested  th a t  an in te r ru p t io n  in  mixed fu n c tio n  oxygenase a c t i v i t y  in  
th e  green  g land  o f  th e  fem ale b lu e  crab  occurred  a t  th e  tim e o f th e  
p ro e c d y s ia l f a s t ,  s e v e ra l days p r io r  to  e c d y s is .  This decrease  in  MFO 
a c t iv i t y  may have c o n tr ib u te d  to  th e  h ig h e r B(a)P co n c e n tra tio n s  found 
in  th e  newly m olted fem ale te 6 t  group compared w ith  th e  in te rm o lt 
ju v e n ile s .  W ithin 48 hours a f t e r  ecd y s is  enzyme a c t iv i t y  inc reased  to  
le v e ls  exceeding th a t  p r io r  to  m o ltin g .
Exam ination o f th e  m e ta b o lite  p r o f i l e s  fo r  th e  se x /m a tu r ity  
c l a s s i f i c a t io n s  s tu d ie d  supported  th e  c o n te n tio n  th a t  th e  h igh 
a c t iv i t y  found in  th e  newly m olted fem ale group may indeed be caused 
by a decrease  in  x e n o b io tic  tra n s fo rm a tio n  p o te n t i a l .  A la rg e  
p ercen tage  o f th e  ra d io la b e le d  m a te r ia l  was s t i l l  in  th e  form o f the
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p a re n t compound fo r  th e  above m entioned group compared w ith  th e  
in te rm o lt g ro u p s.
E x tra c tio n  e f f ic ie n c ie s  based  on t o t a l  t i s s u e  r a d io a c t iv i ty  were 
r a th e r  low compared w ith  what i s  commonly p re se n te d  as  p e rc e n t 
reco v e ry  fo r  sp iked  sam ples. However, much o f  th e  ra d io la b e le d  
m a te r ia l  was in  th e  form o f h ig h ly  p o la r  m a te r ia l  and m ight have been 
c lo s e ly  a s so c ia te d  w ith  b io g e n ic  m a te r ia l ,  p rec lu d in g  i t s  e f f i c i e n t  
e x t r a c t io n  w ith  a r e l a t i v e ly  nonpolar so lv en t (V aran as i e t  a l . .  1981). 
V aranasi e t  a l . (1980) found m e ta b o lite s  o f  B(a)P c o v a le n tly  bonded to  
e le c tro n  r ic h  m a te r ia l  such as  DNA in  f i s h .  Haddock e t  a l . (1983) 
determ ined  th a t  th e  le n g th  o f  tim e o f c o n ta c t o f  an an th racen e  sp ik e  
w ith  a sedim ent sample a f f e c t s  e x tra c t io n  e f f ic ie n c y  o f  th e  s p ik e .
The reco v e ry  v a lu es  g iven  in  th e  l i t e r a t u r e  fo r  compounds o f te n  a re  
h ig h e r than  th o se  ob ta in ed  fo r  th e  a c tu a l  env ironm enta l p o l lu ta n ts  
p re s e n t  in  th e  sam ples.
A pproxim ately 50% of th e  ra d io la b e le d  m a te r ia l  e x tra c te d  a f t e r  24 
hours o f  exposu re , in  th i s  s tu d y , was a s s o c ia te d  w ith  th e  h ig h  
m o lecu la r w eight GPC f r a c t io n ,  in to  which th e  co n ju g a te  s tan d ard s  
te s te d  were sep a ra ted  ( th e  g luco p y ran o sid u ro n ic  and s u l f a te  
c o n ju g a te s ) .  Corner e t  a l . (1973) re p o rte d  th e  p resen ce  o f g lucose  
and s u l f a te  co n ju g a tes  in  sp id e r  c rab s  a f t e r  exposure to  n ap h th a len e . 
A f te r  exposing E n g lish  so le  fo r  24 hours to  ra d io la b e le d  B(a)P and 
naph tha lene  v ia  sed im en t, V aranasi and Gmur (1981) found 55% o f th e  
B(a)P in  th e  form o f w ater so lu b le  co n ju g a tes  in  th e  l i v e r .  In  th a t  
e th y l a c e ta t e ,  a s l i g h t ly  more p o la r  so lv en t th an  m ethylene c h lo r id e ,  
was employed, d i r e c t  com parisons were no t p o s s ib le .  However, i t  was
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apparen t in  b o th  s tu d ie s  th a t  B(a)P vas q u ic k ly  and e x te n s iv e ly  
m e tab o lized .
In  th e  b lu e  c rab s  examined from th e  f i e l d  B(a)P was only 
encountered a t  v e ry  low c o n c e n tra tio n s , presum ably due to  i t s  
s u i t a b i l i t y  as a s u b s t r a te  fo r  th e  MFO system . Mix e t  a l . (1982) 
found a p p re c ia b le  co n c e n tra tio n s  o f B(a)P in  bay m u sse ls . M olluscs, 
however, p o ssess  low le v e ls  o f  MFO a c t i v i t y  (M alin s, 1977).
A lthough B(a)P co n c e n tra tio n s  in  th e  f ie ld  samples examined in  
th e  p re se n t re s e a rc h  were low, many p o ly n u c lea r arom atic  hydrocarbons 
were d e te c te d  in  ap p re c ia b le  q u a n t i t i e s .  V aranasi and Gmur (1981) 
found naph thalene to  be le s s  e x te n s iv e ly  b io tran sfo rm ed  than  B(a)P in  
s o le .  The phenomenon o f d i f f e r e n t i a l  m etabolism  between hydrocarbons 
was observed by Spacie e t  a l . (1983) as w e ll .  B lu e g ill  su n fish  were 
found to  m e tabo lize  an th racene  to  a much sm alle r e x te n t than  B (a)P . 
D i f f e r e n t ia l  up take o f  x e n o b io tic s  s ls o  c o n tr ib u te s  to  th e  p r o f i l e  o f 
p o l lu ta n ts  in  b io t a .  For exam ple, V a ss ila ro s  e t  a l . (1981) re p o rte d  
th a t  s u l fu r  analogs o f  arom atic hydrocarbons e x h ib it  g re a te r  w ater 
s o lu b i l i t y ,  a lth o u g h  th e  o c ta n o l/w a te r  p a r t i t i o n in g  c o e f f ic ie n ts  a re  
s im i la r .  The r e s u l t  is  g r e a te r  a v a i l a b i l i t y  o f th e se  h e te ro c y c le s  
compared to  th e  n o n su b s titu te d  compounds.
Based on th e  r e te n t io n  tim e o f a u th e n tic  m e ta b o lite  s tan d ard s  co­
chromatographed w ith  th e  b lue  crab  hepatopancreas e x t r a c t s ,  compounds 
correspond ing  to  B(a)P p h en o ls , d io l s ,  t r i o I s  and t e t r o l6  appeared . 
V aranasi and Gmur (1981) in  th e i r  study  o f  B(a)P m etabolism  in  th e  
E n g lish  so le  found 50Z o f th e  o rgan ic  so lv en t e x tra c ta b le  m e ta b o lite s  
in  b i l e  to  be more p o la r  than  th e  9 ,1 0 -d io l .  In  a d d i t io n ,  they
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d e te c te d  s e v e ra l isom ers o f 7 ,8 ,9 ,1 0 - te tra h y d ro -7 ,8 ,9 ,1 0 - te tra h y d ro x y -  
B(a)P a f t e r  g lu cu ro n id ase  trea tm en t o f  th e  sample* The ex is te n c e  o f 
s e v e ra l t e t r o l  isom ers may e x p la in  th e  d isc rep an cy  in  r e te n t io n  tim e 
between th e  su spected  t e t r o l  found in  th i s  study  and th e  standard  
employed. I d e n t i f i c a t io n  o f th e  m e ta b o lite s  i s  t e n ta t i v e .  V aranasi 
e t  a l . (1982) noted th a t  unknown ra d io la b e le d  m e ta b o lite s  may c o e lu te  
w ith  th e  s ta n d a rd s .  They suggested  th a t  fo r  fu r th e r  v e r i f i c a t io n  a 
second column and so lv en t system  could be employed.
Lee e t  a l . (1976) found th e  3-hydroxy to  be th e  major B(a)P 
phenol formed in  b lu e  c ra b s ,  w ith  minor amounts o f  9-hydroxy p re s e n t .  
The normal phase HPLC program employed in  th i s  re s e a rc h  was unab le to  
s e p a ra te  th e  v a r io u s  B(a)P phenol isom ers so th e  id e n t i t i e s  o f th e se  
could no t be confirm ed . The program was a b le ,  however, to  re s o lv e  the  
more p o la r  p ro d u c ts . Peaks were d e te c te d  co rresponding  to  the  
re te n t io n  tim es o f  th e  7 ,8 -  and 9 ,1 0 -d io ls .  These have been confirm ed 
as dominant B(a)P m e ta b o lite s  in  m arine organism s (V aranasi and Gmur, 
1981). The 3 ,9 -d io l  and quinones may a lso  have been produced by th e  
c ra b s .
A fte r  60 hours o f d e p u ra tio n , a c t i v i t y  v a lues  were s im ila r  to  
th o se  o f  Lee e t  a l . (1976 ), as seen in  Table 11. A la rg e  amount o f 
th e  t r i t i a t e d  m a te r ia l  had been e l im in a te d . A c tiv ity  in  newly m olted 
fem ales was h ig h e r than  th a t  measured in  t h i s  group a f t e r  24 hours of 
exposure. O bviously , ra d io la b e le d  hydrocarbon had accum ulated in  th e  
f i n a l  tw elve hours o f th e  exposure p e rio d  in  excess o f th e  amount th a t  
th e  c rabs were a b le  to  e lim in a te  in  th e  succeeding d ep u ra tio n  
in te r v a l .  At t h i s  tim e c o n c e n tra tio n s  o f ra d io la b e le d  m a te r ia l  were 
s u b s ta n t ia l ly  h ig h e r in  th e  newly m olted c la s s  than  any o f  th e
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in te rm o lt t e s t  g ro u p s. A v ery  la rg e  p ro p o rtio n  o f  th e  a c t i v i t y  was 
a s so c ia te d  w ith  th e  h igh  m olecu lar w eig h t/co n ju g a te  f r a c t io n  
su g g estin g  th a t  b io tra n s fo rm a tio n  o f  B(a)P was o ccu rrin g  a t  a ra p id  
r a t e .  P ro p o rtio n s  o f  th e  unm etaholized B(a)P to  th e  t o t a l  a c t i v i t y  in  
th e  t i s s u e  were s im ila r  fo r  a l l  g ro u p s . This f u r th e r  suggested  th a t  
la rg e  amounts o f  B(a)P had begun to  be m etabo lized  in  th e  newly m olted 
c ra b s . S inger and Lee (1977) re p o r te d  reco v ery  o f  MFO a c t iv i t y  in  th e  
green  g land w ith in  48 hours o f m o ltin g .
A c tiv ity  in  th e  in te rm o lt c rab s  s u b s ta n t ia l ly  d ec lin ed  a f t e r  60 
hours o f  d e p u ra tio n . Although p ro p o rtio n s  o f p a re n t compound to  t o t a l  
a c t i v i t y  were s im ila r  to  th a t  in  th e  newly m olted c ra b s ,  
c o n c e n tra tio n s  o f prim ary m e ta b o lite s  e x tra c te d  were about an o rd e r o f 
m agnitude low er. T o ta l a c t i v i t y  in  th e se  groups d id  n o t d ecrease  to  
th e  same e x te n t .  E lim in a tio n  o f th e  ra d io la b e le d  B(a)P v ia  
b io tra n s fo rm a tio n  appeared to  have slow ed. T h is b ip h a s ic  e lim in a tio n  
p a t te r n  has been rep o rte d  fo r  PCB by Guiney and P e te rso n  (1980) in  
yellow  perch  and rainbow  t r o u t .  They estim ated  th e  h a l f - l i f e  o f  
2 ,5 ,2 ‘',5 '- te t r a c h lo r o b ip h e n y l  du rin g  th e  i n i t i a l  e lim in a tio n  ph ase , 
fo r  whole body, to  be 1.6 d ay s . The h a l f - l i f e  fo r  th e  compound based 
on th e  r a t e  o f  th e  secondary e l im in a tio n  phase was c a lc u la te d  as in  
excess o f  one y e a r .  T a rsh is  (1981) found a s im ila r  phenomenon fo r  th e  
e lim in a tio n  o f  naph thalene in  c r a y f i s h .  Lee e t  a l . (1976) noted la rg e  
q u a n t i t ie s  o f p a re n t hydrocarbon in  th e  fe c a l  m a te r ia l  o f  b lu e  c ra b s .  
T his suggested  th a t  much o f th e  o rg an ic  x e n o b io tic s  accum ulated were 
q u ick ly  v o id ed , unchanged by c ra b s .  A s im ila r  s i tu a t io n  may be 
re sp o n s ib le  fo r  th e  ra p id  d ep u ra tio n  o f such compounds by m o llu sc s , 
which p o ssess  l i t t l e  MFO a c t i v i t y .  Solbakken and Palmork (1981)
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re p o r te d  h igh  c o n c e n tra tio n s  o f  unm etabolized plienanthrene in  th e  
green  g land o f  Norway lo b s te r .  They hypothesized  th a t  th i s  compound 
was be ing  e lim in a ted  v ia  v a c u o le s , or formed b o d ie s , produced by the  
c e l l s  o f  th i s  o rgan . Lee e t  a l . (1976) re p o rte d  a l l  a c t iv i t y  
a s s o c ia te d  w ith  th e  g reen  g land  in  h is  experim ents wa6 in  th e  form of 
h ig h ly  p o la r  m e ta b o li te s .
A fte r  156 hours o f d ep u ra tio n  hepatopancreas burdens had 
decreased  fu r th e r  in  th e  t e s t  g roups. E lim in a tio n  r a te s  fo r  th e  
in te rm o lt groups were s u b s ta n t ia l ly  lower than  i n i t i a l l y ,  fo llow ing 
th e  b ip h a s ic  p a t te r n .  The r a t e  was s im ila r  fo r  th e  in te rm o lt crabs 
examined a f t e r  252 h o u rs . Vhen c a lc u la te d  on a t o t a l  t i s s u e  burden 
l i t t l e  d ec rease  wa6 n o te d , e s p e c ia l ly  in  a d u lt  in te rm o lt fem ales.
The a c t iv i t y  in  th e  newly molted fem ales had decreased  g re a t ly  
a f t e r  156 hours o f  d e p u ra tio n , su g g estin g  th a t  e lim in a tio n  was s t i l l  
in  th e  i n i t i a l  ra p id  phase and th a t  b io tran 6 fo rm at ion  p o te n t ia l  had 
re c o v e re d . P re s e n ta t io n  o f th e  d a ta  on a burden p e r  t i s s u e  produced a 
s im ila r  p ic tu r e .
By th e  conclu sion  o f th e  d ep u ra tio n  p e rio d  (252 hours) conjugated  
m e ta b o lite s  had in c reased  to  80% of th e  e x tra c te d  r a d io a c t iv i ty .  
V aranasi e t  a l . (1981) a lso  found an in c re a se  in  th e  con jugate  share 
o f  e x t ra c ta b le  r a d io a c t iv i ty  w ith  tim e . No newly m olted fem ale crabs 
were a v a i la b le  fo r  exam ination  on th e  252 hour d ep u ra tio n  in te r v a l .
I t  was expected th a t  th e se  would have reached th e  slow , secondary 
e lim in a tio n  p h ase . A c t iv i ty  had decreased  to  le v e ls  approaching th a t  
in  th e  in te rm o lt g ro u p s.
Exam ination o f th e  m e ta b o lite  p r o f i l e  o f th e  newly m olted fem ales 
a f t e r  156 hours o f d ep u ra tio n  showed a  very  la rg e  phenol peak ,
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r iv a l in g  th e  p a re n t B(a)P peak (F ig u re  1 9 ) . I t  appears th a t  th i s  peak 
a lso  in c lu d es  th o se  hypo thesized  to  be q u inones, th e se  appeared to  
e lu te  p r io r  to  th e  B(a)P phenol in  th e  o th e r  radiochrom atogram s. This 
was th e  on ly  example observed  in  which th e  le v e ls  o f  th e  prim ary 
m e ta b o li te s  e x tra c te d  exceeded th a t  o f  th e  p a re n t compound. I t  
suggested  th a t  m etabolism  o f th e  x e n o b io tic  was v ery  ra p id  a t  th i s  
tim e .
D ecreases in  a c t i v i t y  in  a d u l t  in te rm o lt males from 156 to  252 
hours o f d e p u ra tio n  were a fu n c tio n  o f  lo s se s  o f  m e ta b o lite  a s so c ia te d  
t r i t iu m  ra th e r  th an  th e  p a re n t compound. B(a)P c o n c e n tra tio n s  in  
ju v e n ile  and a d u lt  in te rm o lt fem ales were s im i la r .  However, h ighe r 
amounts o f bo th  co n ju g a tes  and p rim ary  m e ta b o lite s  were re ta in e d  in  
th e  a d u lt  fem ales e x p la in in g  in  p a r t  th e  e le v a te d  a c t i v i t i e s  m easured.
The h ig h er up take  o f  B(a)P from w ater and slow er e lim in a tio n  o f 
a c t i v i t y  burden in  a d u lt in te rm o lt fem ales was p a r a l le le d  by th i s  
g roup ' s  p o s i t io n  in  th e  h ie ra rc h y  o f  th e  p o l lu ta n t  c o n c e n tra tio n s  
observed in  th e  sam ples from th e  Chesapeake Bay e s tu a ry .
In  a d d itio n  to  up take o f x e n o b io tic  compounds from w a te r , aq u a tic  
organism s may accum ulate to x ic s  v ia  food . A lthough b io c o n c e n tra tio n  
f a c to r s  a re  h ig h e r fo r  up take from th e  fo rm er, le v e ls  in  food may 
o f te n  be o rd e rs  o f  m agnitude h ig h e r (McLeese e t  a l . .  1980). Lee e t  
a l . (1976) exposed b lu e  c rab s  v ia  b o th  th e  w ater and food . S im ila r 
b io tra n s fo rm a tio n  o f  hydrocarbons was r e p o r te d , re g a rd le s s  o f mode o f 
e n t ry .  Palmork and Solbakken (1980) ad m in is te red  th e i r  dosages 
o r a l l y ,  u s in g  DMSO as a s o lv e n t ,  and o b ta ined  h ig h e r t i s s u e  le v e ls  
than  Lee and h is  g roup . No food s tu d ie s  were conducted in  th e  p re se n t 
p r i * e c t.
V. CONCLUSIONS
L evels o f to x ic  o rg an ic  p o l lu ta n ts  were examined in  th e  b lue  
c rab s  o f  V irg in ia  w a te rs .  The e n t i r e  p o p u la tio n  had s ig n if ic a n t  
c o n c e n tra tio n s  o f a lk y l  s u b s t i tu te d  p o ly n u c lea r arom atic  hydrocarbons. 
I t  was hypo thesized  th a t  pe tro leum  re le a s e s  connected w ith  commercial 
sh ipp ing  and r e c r e a t io n a l  b o a tin g  were m ajor c o n t r ib u te r s . Lippson 
(1983) re p o rte d  o i l  d e l iv e r ie s  in  Hampton Roads in  1974 to ta le d  24 
m ill io n  to n s .  D e liv e r ie s  on th e  E as te rn  Shore, in v o lv in g  th e  
N anticoke and Wicomico R ive rs  were in  excess o f one m ill io n  to n s .  I t  
was a lso  re p o rte d  th a t  Hampton Roads in  1974 ranked th i r d  in  the  
U nited S ta te s  in  th e  v a lu e  o f  fo re ig n  tonnage h an d led . A lthough th e  
Bay i s  h e a l th ie r  th a n  many o f th e  o th e r  m ajor e a s t  c o a s t e s tu a r i e s ,  
p o l lu t io n  i s  w idesp read . PCB were d e te c ta b le  a t  a l l  s i t e s  examined 
b u t were h ig h e s t a t  th e  upper and lower James R iver s t a t i o n s .
Nonsub8t i t u t e d  a ro m a tic s , as w ell as DDT m e ta b o li te s ,  were found bu t 
a t  low le v e ls .
H igher c o n c e n tra tio n s  o f most p o l lu ta n ts  were p re s e n t in  b lu e  
crab s  c o l le c te d  in  June than  Septem ber. Major f a c to r s  in flu e n c in g  
t h i s  were thought to  be sp rin g  ru n o f f ,  c a rry in g  la rg e  q u a n t i t ie s  of 
TOP in to  th e  a q u a tic  system ; lower w ater te m p e ra tu re s , r e s u l t in g  in  
dep ressed  x e n o b io tic  m etabolism ; and e x tru s io n  o f eggs d u rin g  th e  
cou rse  o f th e  summer, red u c in g  b u rd en s, p a r t i c u la r ly  o f p o o rly  
m etabo lized  l ip o p h i l i c  compounds, in  a d u lt  fem ales (a s  suggested  by 
R oberts and L egge tt (1980) fo r  th e  re d u c tio n  o f  Kepone re s id u e s  in  
c rab s)  which e x h ib ite d  some o f  th e  h ig h e s t b u rdens.
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D iffe re n c e s  in  d i s t r i b u t io n  o f  TOP w ith in  b lu e  c rab s  appeared 
to  be r e la te d  to  th e  l ip id  co n ten t o f th e  t i s s u e s .  H ighest le v e ls  
were found in  h ep a to p an creas, follow ed by eg g s, ovary  and m uscle.
T his was supported  by th e  re se a rc h  o f o th e rs  ( In sa la c o  e t  a l . .  1982; 
T a rs h is ,  1981; McLeese e t  a l . .  1980).
In - la b o ra to ry  exposures o f b lu e  c rab s  to  B(a)P and th e  r e s u l t s  
o f  th e  f ie ld  sam pling suggested  th a t  d if fe re n c e s  in  up take and 
e lim in a tio n  o f x e n o b io tic s  occurred  between a d u l ts  and ju v e n ile s  snd 
in te rm o lt and m olting  c ra b s . B io tran sfo rm atio n  o f  p o l lu ta n ts  appeared 
re ta rd e d  du ring  th e  m olting  p ro c e s s , a lthough  up take co n tin u ed . 
C learance o f  n o n ch lo rin a ted  hydrocarbons in  in te rm o lt c rab s  was ra p id  
and d isp lay ed  a b ip h a s ic  p a t te rn  as suggested  by Lee e t  a l . (1976 ).
Due to  th e  s ig n i f i c a n t  in flu en ce  on TOP co n c e n tra tio n s  found in  
th i s  study  o f sam pling seaso n , specimen se x , m a tu r ity ,  and c o n d itio n  
( in  a d d itio n  to  s i t e ,  sp ec ie s  and t i s s u e  s tu d ie d )  i t  i s  suggested  
th e se  fa c to r s  be c a r e fu l ly  considered  in  th e  d es ig n  o f  p o l lu ta n t  
m on ito ring  programs i f  v a l id  r e s u l t s  a re  to  be o b ta in e d . Many s tu d ie s  
o f  p o l lu ta n t  le v e ls  re p o r t  r e s u l t s  only on a wet w eight b a s i s .  
S ig n if ic a n t  d if fe re n c e s  in  w ater co n ten t between th e  sex and m olt 
groups examined in  th i s  study  were found. These d if fe re n c e s  may e x e r t 
a confounding in f lu e n c e  i f  th e i r  e f f e c t s  a re  no t c o n s id e re d .
In  many cases p o l lu ta n ts  c o n s is t  o f  la rg e  numbers o f  s im ila r  
com ponents, as in  th e  case  o f  th e  hydrocarbons in  petro leum  and th e  
PCB isom ers in  A rochlor m ix tu re s . O ften th e se  groups a re  considered  
as s in g le  e n t i t i e s  fo r  d e te c tio n  and hazard  assessm ent p u rp o ses . 
However, many o f th e  components behave d i f f e r e n t ly  in  th e  p h y s ic a l 
environm ent, as w ell as in  b io lo g ic a l  sy stem s. S e le c tiv e  up take and
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e lim in a tio n  o ccu rs  as a fu n c tio n  o f such fa c to r s  as w ater s o lu b i l i t y ,  
p a r t i t i o n  c o e f f ic ie n t s  and s u i t a b i l i t y  as s u b s t r a te s  fo r  x en o b io tic  
b io tra n s fo rm a tio n  enzyme system s. Care must be ex e rc ised  in  regards 
to  th e se  o f te n  overlooked param eters  in  fu tu re  s tu d ie s  and d e c is io n s  
p e r ta in in g  to  p o l lu ta n ts  in  th e  environm ent.
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